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Molybdenum [Steels 
Make BETTER Results EASIER 
to Obtain 
2 ey to their wide temperature range 


in heat treatment, freedom from 

warpage, easier machinability, and 
greater uniformity with an increased depth 
of hardening, Molybdenum Steels for aero- 
plane motor parts give reliability, economy 
and speed in manufacture; 


—And through their distinctive character- 
istics of additional dynamic toughness and 
extra resistance to fatigue they insure at the 
same time higher serviceability in the fin- 
ished parts. Their superiorities are apparent 
at all stages of production and use. 


Confirmation of these. statements, in 
the form of tabulated data and nu- 
merous charts, presenting conserva- 
tively the results obtained in the 
commercial production and use of 
thousands of tons of Molybdenum 
i Steels, is given in our book, 
“Molybdenum Commercial Steels.” 


Copies May Be Had by Addressing 
Climax Molybdenum Co. 


or 
The American Metal Co., Ltd. 
61j Broadway New York 


Easier to Heat Treat 
Easier to Machine 
Dynamically Tougher 
Resist Fatigue 





PROVEN IN WAR FOR THE TASKS OF PEACE 
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Performance 


For ten years the Glenn L. Martin Company has been 
manufacturing Superior Aircraft. An organization of 
pioneers in the industry, the Glenn L. Martin Company 
puts the mature technical knowledge born of ten years 
experience behind every Martin airplane. The well- 
known ability of Martin airplanes to deliver maximum 
performance over an indetinite period of -time is proof 
enough of the fact that 


Super-Quality Is Built Into 
Every Martin Airplane— 


built in with the tools of Experience in the hands of 


Knowledge. 


THE GLENN L. MARTIN COMPANY 


CLEVELAND, OHIO 


Contractors to the U. S. Army, Navy and Post Office Department. 


© Member of the Manuracturers’ Aircraft Association © 
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“Butteriy” 
Sport Plane 
$2500 


L.W.F. ENGINEERING COMPANY, Inc. 


COLLEGE POINT NEW YORK 























' AVIATION 


2 a 7 s 
Selec. = 
* . . oe . Poca ees 5 
» 2 Mo 9) 
et Nw: We wea tg 


2 ys 
os Es 
RRR ay 


Pe 


The Aeromarine — “40_L.” landing 
on snow- covered ice. © 


the Agvomarine 


blazes the trail 

whether in frigid New York or 
balmy Florida. 

See the All-Season_Aecromarine 

at the New York Aeronautical 


on, March Oth. 
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BONJOURQ © 
AMERICA ¢ 


“ SPORT-FARMAN ” Is Here! 














The plane for Lee’ | ea-pilot and sporteman. 
Two passengere—Weight 460 Ibs.—“ Take Off” 40 yds. 
Landing Speed 25-30 Miles Per Hour. 


Manufactured by H. & M. Farman, Billancourt, Seine, France, the oldest 
and largest Manufacturers of Aircraft in Europe. 


Farman Aeroplanes have been flown by thousands of pilots, tested by mill- 
ions of hours in the air and stand today above all for SAFETY, RELIA- 
BILITY, and SERVICE. 


Farman Aeroplanes are built to fill all the requirements of present day avia- 
tion. From the two passenger “ SPORT-FARMAN ” to the fourteen pass- 
enger “ GOLIATH ” every Farman plane presents the following features: 
SLOW LANDING SPEED 
QUICK TAKE OFF 
LIGHT WEIGHT 
LONG GLIDING ANGLE 
RELIABLE MOTOR 
MARVELOUS STABILITY 
PERFECT COMFORT 


For Business—Buy a FARMAN For. Pleasure—Fly a FARMAN 
Represented in America by 


W. WALLACE KELLETT 
1 West 34th Street 
New York City, N. Y. 
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EW DEPARTURE BALL BEARINGS 
AND THEIR UNIVERSAL APPLICATION 
ENGINEERING | INFORMATION 
Issued st frequent intervals to show practical of New Departure Bau. Beamnes for securing 
correct instellation. ime iclency end economical service, 


New Barsarenn | Mrc. Co Brisror, Conn 











Aeroplane Fuel Pump. 


A “Vickers” fuel pur..p, such as that shown above, was used by Capts. Alcock and Brown on the 
“ Vimy-Rolls” aeroplane in which they made the first trans-Atlantic non-stop flight. This pump is so placed 
that even when idling on the ground the slip-stream of the propeller will force a supply of “petrol” ipto the 


* small, gravity-feed tank, in an upper wing, from the main tank in the fuselage. 


The pump and propeller complete weigh but two pounds 


While never actually required to do so, this pump is capable of delivering 100 gallons per hour against 
a 20-foot head, with an impeller 
speed of 4300 r. p.m. and a wind 
speed of 100 m. p h. 


Reliability in this little mechan- 
ism means life insurance to an 
aviator. Ball bearings, once prop- 
erly packed in grease and with 
suitable dirt and liquid excluding 
devices, insure absolutely reliable 
operation, without attention, through 
many long flights; and this with 
practically no frictional resistance. 

, As there is no wear in ball bearings, 
the efficiency of this pump will be! 
maintained indefinitely 


The thrust from the propeller, 
while largely counterbalanced by 
that of the impeller, is borne by a 
ball and socket on the end of the 
shaft, to insure against qouneng 





the radial Bearings used. 





‘The best reference book on ball bearings in existence’’ is 
the verdict of engineers everywhere with regard to the New 
Departure Engineering Bulletins. We show here a sample page. 

Write for a set on your letterhead, stating official position 
and type of mechanism in which you contemplate using ball 
bearings. 


THE NEW DEPARTURE MANUFACTURING CO. 


Detroit BRISTOL, CONN Chicago 
818 Ford Bldg. 2721 S. Micl 
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) errr G popular interest in aircraft is reflected 
in the decision of the airplane manufacturers to make 

the New York, Chicago and San Francisco shows per- 

manent national events. 

The next forward step would be representative out- 
door exhibitions in various parts of the country during 
the seasons of best flying weather. Passenger carrying, 
flying exhibitions and especially competitive handicap 
flying would appeal to the sport instinct of thousands. 
They would provide an actual means of converting 
interest aroused by the big indoor winter shows into 
actual sales of aircraft through practical demonstration 
and operation. 

Granting a well thought out itinerary, there is no 
reason why the exhibition planes should not be organized 
into a ‘‘ commercial squadron ’’ and fly as a unit to the 
different exhibition points. The publicity and human 
interest features of such a squadron readily suggest 
themselves. At the same time great crating and shipping 
expenses would be obviated. 

Chambers of Commerce and municipalities would un- 
doubtedly cooperate for civic reasons, and the enthusias- 
tic support of flying clubs and distributors of planes 
could well be counted upon. 

Such a movement should be started by the manu- 
facturers of commercial planes at once; if not for 1920 
then for 1921. 


American Airship Pioneers 

One hundred years ago, Rufus Porter, an. inventor 
from New York, published in a local scientific journal a 
memoir on the populsion of balloons which holds an im- 
portant place in the annals of airship development, 
although it did not at the time attract the attention it 
deserved and soon fell into oblivion. 

Porter’s projected airship was chiefly remarkable for 
that it had a streamline envelope—an important feature, 
the invention of which is generally credited to foreign 
airship pioneers, the earliest of which Porter’s design 
antedated by some forty years. In order of chronologi- 


cal sequence Porter’s projected airship comes right after - 


the egg shaped balloon of General Meusnier, the founder 
of the science of airship design. 

Now that the United States Navy has decided to build 
up a fleet of large rigid airships, it would seem the fitting 
thing to give these important units the names of Amer- 
ican airship pioneers. The memory of Rufus Porter un- 
doubtedly deserves to be thus honored among the first. 
Still other names suggest themselves for such recognition. 


| 
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Among such one might mention Dr. Jeffries, who ac- 
companied the Frenchman Blanchard on the first 
balloon trip across the English channel, in 1784; John 
Wise, the famous balloonist of the late forties and fifties, 
who invented the rip panel; and Benjamin Franklin, 
whose correspondence contains numerous references to 
the earliest balloon experiments in France. 


Swaged Wire 

Swaged wire is nothing but hard wire, threaded at the 
ends, but together with suitably internally threaded 
clevises, swaged wire permits a considerable simplifica- 
tion in the assembly of a plane. It permits the omis- 
sion of turnbuckles, and avoids the always difficult 
operation of attaching hard wire to a lug. 

Experimentation on swaged wire has now reached the 
stage where it can be manufactured with complete as- 
surance of the required strength. Where the difficulty 
arises, is in the fact that every airplane builder’s re- 
quirements are different, as regards size and length of 
wire. No manufacturer can be expected to keep in stock 
an indefinite number of sizes and lengths to. meet every 
possible requirement. At the same time, when a machine 
is going into production, there should be no very great 
difficulty for the builder to make his own swaged wire 
and there are at least two manufacturers in the country 
who are willing to consider the manufacture of swaged 
wire, to meet any given requirements in suitable quanti- 
ties. 


Oil Reclamation 

There is no doubt that with the present day fuel and 
oil, all lubricants are largely diluted in use, and the 
losses caused by dilution are serious, as they mean loss 
of power and increase in wear. 

While a great deal may be expected both at the hands 
of the engine designer and the oil refiner to improve 
the situation, it is interesting for airplane users to con- 
sider that during the war, the Air Service designed and 
installed, at thirty flying fields, a simple system of 
reclamation, by which 73 per cent of the used oil was 
reclaimed, and made.available for re-use. 

The reclaimed oil was actually a better lubricant 
than the original oil. 

Oil reelaimers can be installed in every commercial 
garage, and it is only necessary to have steam for their 
operation. 

Reclamation costs do not exceed ten cents a gallon. 

Since the airplane is now a commercial proposition, 
the possibilities of reclamation, cannot be neglected. 













An airplane flying at high altitude receives air at a com- 
paratively low density. For instance, at 18,000 ft. altitude the 
density is practically half that at sea level. This means that a 
given volume contains half as much actual air by weight. The 
cylinders of an airplane engine are therefore charged with an 
explosive mixture which has about half the value of a charge 
at sea level. The engine actually delivers about half of its sea 
level power at 18,000 ft. 

Both the change of temperature at high altitude and the 
decrease of pressure have effect in fixing the high altitude 
density. Both the decrease of temperature and the decrease of 
weight of the charge affect the carburetion at high altitude. 
The fitted clearance volume and the decreased initial pressure 
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give a decrease of compression pressure resulting in a loss of 
efficiency. There is, therefore, a combination of causes which 
gives as a net result the decrease in engine power very nearly 
proportional to the decrease in density. 

At high altitude the resistance of the air to the motion ol 
the airplane is decreased directly in proportion to the decrease 
of density. The power required for a given airplane speed is, 
therefore, greatly reduced. However, the engine power has 
been so reduced that the usual net result is a considerable 
decrease in airplane speed. When the engine power is main- 
tained at the sea level value, there is, however, a considerable 
increase of speed at high altitude. 

Filling the cylinders of an internal combustion engine with 
a charge greater than that which would normally occur, is 
ealled “supercharging.” Methods of doing this for 
airplanes and otherwise have engaged the attention 
of a great many experimenters. 

The gas turbine is a prime mover in which highly 
heated produets of combustion impinge directly on a 
turbine wheel. The high thermal efficiency of the gas 
engine and the rapid displacement of the reciprocating 
engine by the steam turbine, due to its many advan- 
tages have, of course, caused a great deal of effort to 
be spent upon some combination or other of the two, 
in the form of a gas turbine. Many inventors have 
proposed various types of gas turbines and a number 
of these have been gotten into successful mechanical 
operation. However, no type has yet shown sufficiently 
good efficiency to warrant commercial use. The engi- 
neers of the General Electric Co. have very closely 
followed the various gas turbine developments and 
have been intimately in touch with the situation for 
many years. 

In 1903 the General Electric Co. first began work 
on the Centrifugal Compressor. This is an ap- 
paratus similar to the fan blower except that the 


General Electric Turbo Supercharger for Airplanes 


By Sanford A. Moss 
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shape of the impeller blades and the passages leading air 
to and from the impeller are so arranged as to give 
efficiency very much greater than that of the usual type 
of fan blower, so that the apparatus forms a satisfactory 
means for compressing air to appreciable pressures. The 
General Electric Co. has developed a line of single stage 
centrifugal compressors for compressing air from 1 to 5 lb. 
per sq. in. above atmosphere, for use for many industrial 
purposes, as well as a line of multi-stage machines for com- 
pressing air and gas up to pressures of 30 lb. per sq. in. above 
atmosphere. This business has grown rapidly and this year 
the total sales will approximate a million and a half dollars. 

The turbo supercharger is a combination of a gas turbine 
and a centrifugal compressor, arranged as a part of an air- 
plane gasoline engine. The hot products of combustion from 
the engine exhaust are received onto the turbine and furnish 
power whereby is driven a centrifugal compressor mounted on 
the same shaft, which compresses air for supply to the car- 
buretors. A more detailed description is given later. 

In the latter part of 1917 the National Advisory Committee 
for Aeronauties requested the cooperation of the General 
Electric Co. in the development of the turbo-supercharger in 
the United States. Our experience with gas turbines and 
centrifugal compressors led us to be greatly interested and the 
work was pushed vigorously during the war. An apparatus 
was constructed and gotten into operation on an airplane 
engine near sea level. 

After a period of development had been gone through with, 
the stage was reached where nothing more could be done 
except at high altitude. However, since the development was 
not sufficiently advanced to warrant an airplane flight, the 
entire testing apparatus was taken to the summit of Pike’s 
Peak. Here a further period of development was gone through 
with. The apparatus was finally gotten into satisfactory work- 
ing order so that the airplane engine developed the same power 
at the summit of Pike’s Peak as it originally had near sea 
level. Arrangements had been started for installing the 
apparatus on an airplane when the armistice intervened. Ex- 
amination of the results which had been obtained, by Army 
officials after the armistice, led to a resumption of the work 
and the apparatus was finally installed on an airplane. A 
very good showing was made from the first. 

The increase of power at high altitude was such as to give 
an entirely new set of conditions from those under which the 
airplane originally operated. This required various changes 
in the entire airplane apparatus and development was made of 
proper radiators, propellers, gasoline systems, cooling systems 
and the like. This work has been proceeding satisfactorily for 
some time. 

Development work on the turbo supercharger is also being 
earried on in France independently of our own work. So far 
as can be seen from the published accounts of the French work, 
our own apparatus is on a larger scale. We are supercharging 
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a larger airplane motor and are carrying the supercharging to 
higher altitudes. The mechanical details of the French and 
General Electric apparatus were developed independently and 
,are quite different. A turbo supercharger similar to the 


French one was started in this country, but was modified: con- 
siderably before final completion. Work on this apparatus has 
not been carried to a conclusion however. 

Our work was originally started at the suggestion of Dr. 
W. F. Durand, then chairman of the National Advisory Com- 
mittee for Aeronautics, who knew of our long experience with 
gas turbines and centrifugal compressors. 


It has since been 
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carried on under the supervision at various times of Col. J. G. 
Vineent, Col. T. H. Bane, Maj. H. C. Harmon, Maj. G. E. A. 
Hallett and Maj. R. W. Schroeder. Maj. Hallett has had 
charge of the development since the armistice, and he has 
given considerable study to the matter of superchargers in 
general. Reference may be made to his paper, read before 
the Society of Automotive Engineers, Jan. 8, 1919, and pub- 
lished in the S. A. E. Journal for November, 1918. This 
includes an account of various power driven and au iliary cyl- 
inder superchargers which have been experimented upon. 


The Turbo Supercharger Cycle 


Fig. 1 gives a detailed diagram of the principles of the 
turbo supercharger. The exhaust of the airplane engine is 
received by an exhaust manifold which leads it to a nozzle 
chamber carrying nozzles which discharge it onto the buckets 
of a turbine wheel. On the same shaft as this turbine wheel is 
the impeller of a centrifugal compressor. This compresses air 
from the surrounding altitude low pressure to approximately 
normal sea level pressure and delivers it to an air dis- 
charge conduit which supplies the carburetors. 

The turbine nozzles are of such area as to maintain 
within the exhaust manifold and nozzle box a pressure 
approximately equal to that at sea level. The difference 
between this pressure and the altitude low pressure gives 
a pressure drop for the exhaust gases which furnishes 
the power which operates the system. 

Due to the respective temperatures, this power input 
suffices to give the desired compression and also to sup- 
ply the inevitable losses. However, in order to avoid 
back pressure on the engine, above the normal sea level 
value, both turbine and compressor must be designed 
with utmost attention to efficiency. 

With an efficient arrangement, when the engine is at 
high altitude it exhausts. at normal sea level pressure 
and receives its air at the carburetor at normal sea level 
pressure. Hence normal sea level power is delivered at 
all altitudes up to the maximum for which the super- 
charger is designed, so that the plane speed will increase 
uniformly as the altitude density decreases. 

In order to reach this ideal solution there are various 
auxiliary problems such as temperature rise of compres- 
sion, slight deficiency of oxygen at high altitudes, effect 
of the propeller on engine speed, and various other 


AVIATION 











147 


auxiliary effects. The work thus far accomplished has demon- 
strated the validity of the fundamental principles and has dis- 
closed the problems of detail which must be met. 


Mechanical Problems of Supercharging 


The General Electrie superchargers thus far constructed have 
been designed to give sea level absolute pressure at an altitude 
of 18,000 ft., which involves a compressor which doubles the 
absolute pressure of the air. This pressure ratio, with the 
quantity of air involved, gives about 50 shaft horsepower 
input for the compressor. The design of a complete 
power plant of this size to suit an existing airplane 
engine, with such weight and location as will not impair 
the flying characteristics of the plane has, of course, 
offered many problems. The possibility of driving the 
compressor of the supercharger by engine power, instead 
of by the exhaust gases, of course suggests itself. 

Indeed, observation of an engine exhausting in the 
usual way into the atmosphere, discharging flames 
through the short, red-hot spouts, with the almost inean- 
descent exhaust valves in view, makes it seem absurd to 
propose to pass these red-hot gases through pipes with a 
pressure difference above the surrounding atmosphere 
equal to its absolute pressure, and more absurd still to 
propose to obtain power by discharging these red-hot 
gases onto a turbine wheel, rotating at 20,000 r.p.m. 
Névertheless, the turbo supercharger has made flight 
‘after flight with entirely suecessful operation, while the 
power driven supercharger has never endured in spite of 
much effort. 

Much experience with the operation of the gas turbine 
led the writer to prefer its problems to those of the driv- 
ing mechanism of a supercharger operated from the 
engine. The turbine involves merely the addition to the 
compressor of a single extra wheel, designed for the con- 
ditions, with no extra bearings. The engine driven scheme 
involves a 50 hp. transmission with multiplicity of gears, bear- 
ings, clutches, belts and the like. These offer more or less drag 
on the engine when the supercharger is not in use at low alti- 
tudes, and very serious problems of acceleration when the 
supercharger is to be thrown into action, since the engine will 
be then running at its full speed of about 1800 r.p.m. 

It must be admitted, since a turbine wheel has been designed 
to endure, that it is much the simpler proposition. 

The exhaust manifold and nozzle box have proven to be a 
very efficient exhaust muffler and conductor. Such a muffler 
and conductor is needed in any event and the design of means 
for withstanding the increased pressure difference of the turbo 
supercharger has been successfully accomplished. 

Power for Turbo and Engine Driven Superchargers 


An efficient turbo supercharger theoretically deducts from 
the indichted horsepower of the airplane engine, an amount 
corresponding to the difference between sea level absolute pres- 
sure and altitude pressure. There is this additional back pres- 
sure driving the exhaust stroke. The theoretical power avail- 
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able for driving the turbo supercharger is greater than this, 
however, owing to the fact that there is available not only the 
energy due to the direct pressure difference above mentioned, 
but also the energy of perfect expansion from the higher to 
the lower pressure. If there were no turbo supercharger the 
engine would waste this energy in sudden pressure drop as 
the exhaust valve opens. The turbine can utilize this energy. 


The sum of these two amounts of available energy, multiplied 
by the efficiency of the turbine wheel, gives the shaft power 
delivered to the compressor. 

For an engine driven supercharger compressor there is 
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greater engine indicated power due to a lower exhaust pres- 
sure. However, the shaft power for the supercharger com- 
pressor must be transmitted through the engine connecting rod 
and crank shaft, with losses, and then through the super- 
eharger driving mechanism with additional losses. The total 
shaft power thus subtracted from the engine, multiplied by 
the efficiencies of these two transmissions, gives the shaft power 
delivered to the compressor. This is the same as for the turbo 
supercharger. For a Liberty motor of about 400 hp. and sea 
level power at 18,000 ft. altitude this power is 50 hp. 

The comparison then is as follows: The turbo supercharger 
subtracts from the engine indicated power, adds power of 
expansion which would not otherwise be used, and has turbine 
wheel losses. The engine driven supercharger puts this indi- 
cated power through the engine (with some additional loads 
on the pins and bearings) and has engine and transmission 
losses. 

With usual efficiency there is probably not a great deal of 
difference between the gross subtraction from engine power in 
the two cases. There is then the disadvantage of transmitting 
the supercharger power through the engine pins and 
bearings, as well as through some mechanism between 
engine and supercharger, to be compared with the collec- 
tion of the hot gases under pressure (with muffling ad- 
vantages) and delivery to the turbine wheel. As already 
mentioned, practical success to date is in favor of the 
turbo supercharger and the writer feels that this is really 
due to its innate superiority. 

Engine driven superchargers with “ positive pressure,” 
blowers have been proposed. These have the additional 
disadvantage that with the desirable pressure ratios of 
about two, there is an appreciable compression loss due 
to the fact that the machine only displaces air and has 
no direct means for compression. 

It is to be noted that, although the power required to 
drive the supercharger is subtracted from the engine 
power, the remainder at high altitude with an efficient 
supercharger is equal to sea level power. That is to say, 
the supercharged engine delivers power enough to drive 
the supercharger as well as to deliver sea level power to 
the propeller. There is of course no way to arrange for 
full power due to supercharging, with the additional 
power due to! exhaust at the low absolute pressure of 
high altitude and ‘without expenditure of power for 
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supercharging. Without a supercharger the engine has the 
advantage of a very low exhaust pressure, but the explosive 
charge is so small that the gross power has the well known 
low value at altitude. 


Supercharging Engines 


Supercharging engines of various kinds, in which the engine 
crank case or the engine cylinders themselves are arranged for 
additional compression, have been discussed by Maj. Hallett, 
and shown to give excessive weight and complication as com- 
pared with a turbo supercharger. 

A very simple form of supercharging has frequently 
been used wherein an engine of large displacement, but 
with very high compression pistons, has been fitted to a 
comparatively small plane. In such a case, the throttle 
could not be opened wide near sea level since the com- 
pression would be excessive and serious preignition 
would result, to say nothing of the damaging effect on 
the engine of delivery of the full power corresponding 
to the displacement, with sea level charge. At altitude, 
however, a full charge at the altitude density is taken, 
and on account of the high compression pistons, this is 
compressed to a proper amount for good operation. 
Some high altitude flights have. been made in this way 
with a single seat plane and engine with a displacement 
corresponding to 400 hp. at sea level. The power at 
high altitude was possibly 100 hp. A 100 hp. engine 
with a turbo supercharger would give the same altitude 
power and weigh very much less. 

Since such an engine has normal compression pres- 
sure at high altitude, the power will be very nearly 
proportional to the density of the charge. There will 
be no loss of efficiency due to decrease of compression 
pressure. The altitude power will then vary directly 
with the eylinder displacement and inversely with rela- 
tive density at altitude. 

Maj. Hallett points out that with such an engine the weight 
is nearly proportional to the displacement. Hence such an 
engine will weigh nearly twice as much as a supercharged 
engine, with 18,000 ft. altitude conditions, and nearly four 
times as much with 35,000 ft. conditions where the density 
is one-fourth that at sea-level. There is some deduction from 
these figures due to the fact that the weight will not go up 
quite as fast as the displacement and because the super- 
charger’s weight is not negligible. However the situation in 
the main is as represented. 

Engines have also been proposed with crank case compres- 
sion, either with individual connections or with a receiver. 
With a four-stroke cycle, two crank case ends supercharge a 
single cylinder. However, with the minimum crank case 
clearance thus far suggested, the maximum compression pres- 
sure possible is not sufficient to give supercharging at an 
appreciable altitude. 


Design of the General Electric Superchargers 


The machines used thus far have been designed to give sea 
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level pressure at 18,000 ft. altitude, which corresponds to a 
pressure ratio of about 2. The rated speed for these condi- 
tions is 20,000 r.m. Sea level pressure has readily been 
obtained up to 22,000 ft. altitude, however. The control is 
entirely by hand operation of waste gates, which permit of 
free escape of some of the exhaust gases. 

The entire apparatus, exclusive of exhaust manifold and air 
discharge conduit, weighs about 100 lb. 
,and air conduits have nearly the same weight as equivalent 
parts with no super- 
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The exhaust manifold, 
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Pike’s Peak summit has an altitude of 14,109 ft. It is the 
highest point in the United States easily reached by road, The 
summit is a slightly rounded, rocky flat about 100 yd. in diam- 
eter. On it are two stone houses, one at the terminus of a cog 
railroad and another one about 100 yd. distant at the terminus 
of the auto highway. The motor truck was set up near the 
latter. Fig. 3 shows the nature of Pike’s Peak summit. Fig. 4 
shows the way the test car was left after each day’s work. 
Fig. 5 shows the condition in the morning a great deal of the 

time. There were, 
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sity for accommoda- 
tion to existing en- 
gines and planes. It 
is proposed, how- 
ever, to construct 
apparatus in which 
engine and _ super- 
charger are integral, 
with all parts arranged for the full possibilities of the com- 
bination. 

The essential parts of the design are various arrangements 
of ducts for cooling the various parts, means for accommo- 
dating the temperature expansions, means for handling the 
temperatures which exist, and design of both turbine and 
compressor to give utmost efficiency. 


Fic. 7. LeEPERE PLANE 


History of General Electric Supercharger 


The combination of airplane, propeller, engine, radiator, 
cooling system, and supercharger are so intimately associated 
that no adequate tests can be made without the complete system 
in operation at full speed at altitude. Altitude chambers exist 
for tests of engines alone, but none are arranged for inclusion 
of the propeller. What tests were possible were first run with 
steam with the supercharger alone at the Lynn Works of the 
General Electric Company. Additional tests were run with 
the supercharger and Liberty motor on dynamometer stands 
at McCook Field, Dayton, Ohio, the Experimental Station of 
the Engineering Division of the Air Service. 

These tests were necessarily made with nearly sea level 
initial pressure. Even slight supercharging under such con- 
ditions involved increase of compression pressure, and this 
instantly caused preignition. Both 
sets of tests gave means for perfect- 
ing the mechanical operation of the 
supercharger, but gave no informa- 
tion as to increase of engine power 
under altitude conditions. So far 
as could be seen everything was op- 
erating per schedule, but there was 
not sufficient assurance to warrant 
an airplane flight. 

During the initial development of 
the Liberty motor a testing expedi- 
tion had been sent to the summit of 
- Pike’s Peak, and it was decided to 
repeat this performance with the 
supercharger. Fig. 2 shows the mo- 
tor truck that was prepared for the 
expedition. The Liberty motor car- 
rying the supercharger was mounted 
on acradle dynamometer, with scales 
and all arrangements for accurate 
measurement of power, gasoline con- 
sumption and the like. In fact, a 
complete testing laboratory was pro- 
vided. The motor truck was shipped 
by rail to Colorado Springs, and 
then proceeded by its own power to 
Pike’s Peak summit on the Pike’s 
Peak Auto Highway. This is a well 
constructed, very twisted, mountain 
road twenty-eight miles long. 
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The testing work 
at the summit lasted 
through September 
and half of October, 
1918. The usual 
difficulties with ex- 
perimental work 
were, of course, 
encountered with the addition of many delays, due to the cold 
and snow, and distance from repair shops. Minor changes 
were made in a little shack at the summit, but all the machine 
work and changes of appreciable magnitude were made at Col- 
orado Springs. Finally the apparatus was gotten to give good 
mechanical operation, and a number of tests were run, showing 
the performance of the engine with the supercharger opened 
up to the maximum limit possible. The supercharger was 
designed for operation at 18,000 ft. with some margin. It was 
possible at the existing altitude of 14,000 ft. not only to super- 
charge so as to give full sea level power, but also to overcharge 
so as to cause the engine to preignite. 

It was agreed that results of the Pike’s Peak tests warranted 
the immediate installation of the supercharger on an airplane, 
and arrangements for doing this were in progress when the 
armistice caused a cessation of the work. After the armistice, 
careful re-examination of the situation resulted in resumption 
of the work in the early part of 1919. Various rearrangements 
were made in view of the experience gained at Pike’s Peak, 
and the apparatus was finally installed on an airplane, and 
after a number of tests on the ground, flight tests were made. 

It soon developed that a very appreciable increase of power 
was easily obtained when the supercharger was opened up. 
The whole airplane installation was not properly arranged to 
take advantage of this power, how- 
ever, and changes were necessary in 
the radiator, cooling system, propel- 
ler system, gasoline tank and pump 
system, etc. Changes in these parts 
have been made from time to time, 
and this work is still in progress. 
As the work proceeds more and 
more power is developed by the 
engine. Changes have also been 
made in the supercharger itself. 

Many remarkable flight tests have 
been made. In fact, during the 
early work a flight record of some 
kind or other was broken at every 
flight. Appreciable progress has 
already been made, but the full ca- 
pacities of the apparatus have not 
yet been reached, and further im- 
provements of performance are to 
be expected. 

Fig. 7 shows the airplane installa- 
tion, and Fig. 8 shows Maj. R. W. 
Schroeder, who has made all of the 
flight tests to date, together with 
Lieut. George W. Elsey, who has 
made all of the flight observations 
to date. The aviators are of course 
clothed for the intense cold of high 
altitudes and carry the parachutes 
that are now regularly used by the 
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U. S. Air Service in experimental and 


theoretical work. 


Measurement of Altitude 


The altitude of an airplane is meas- 
ured by an altimeter such as is shown in 
Fig. 9. This is essentially an aneroid 
barometer. It comprises a chamber al- 
most wholly exhausted of air, one side 
of which is a flexible metal diaphragm. 
As the atmospheric pressure presses on 
this diaphragm to a greater or less ex- 
tent, the diaphragm moves in or out. 
This motion actuates a train of mech- 
anism, ending in a needle moving over 
a scale. The temperature of the instru- 
ment itself must, of course, have no ef- 
fect on the readings. Temperature com- 
pensation is arranged for by leaving a 
certain amount of air in the vacuum 
chamber, and also by use of metal in 
one of the levers which has an appreci- 
able coefficient of expansion. This tem- 
perature compensation is never quite 
exact, however, and a slight correction 
to the indications must be made, to take 
account of the actual temperature of 
the parts of the instrument at the time 
of an observation. 

The reading of the instrument with 
temperature compensation taken into ac- 
count, gives the absolute pressure at the 
altitude in question and it is from this 
absolute pressure that the altitude is 
computed. Knowing the absolute pres- 
sure at the field from which the flight 
is made, as given by the barometer, the 
absolute pressure at altitude is given by 
the altimeter reading, and the tempera- 
ture of the column of air between these 
two points at a number of heights, the 
difference in elevation can be computed 
by an appropriate formule. There exist 
tables of average values of temperatures 
at various altitudes, to enable this com- 
putation to be made approximately for 
an average case. However, where an 
actual altitude record is involved, the 


actual temperatures at various altitudes during the ascent must 
be observed and inserted in the formule. 
of the altitude in a record flight is therefore a matter of 
It has been very carefully done in the case 


some complexity. 
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Fig. 9. 


The determination 


of the supercharger flights at MeCook Field. 
The instrument of the figure is an indicating instrument. 
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The instruments actually used for the final computation of 
altitude flight records are recording instruments called “bar- 


ographs,’ 


which operate on the same principle. Fig. 10 shows 


the autographie reeord of such an in- 
strument. After a flight the recording 
instruments used are removed from the 
plane and placed under the bell-jar of 
an air pump, connected with a mercury 
column, while the clock which causes the 
rotation of the record paper is still 
running. Autographie records are thus 
obtained of a number of known values 
of absolute pressure, as shown by the 
mercury column. This gives an ac- 
eurate calibration and establishes the 
absolute pressure at the maximum alti- 
tude attained. During record flights 
three independent barographs are used 
for certainty. 

Fig. 11 shows observations of tem- 
peratures at high altitudes for a great 
many of the supercharger flights. From 
the actual values of these temperatures 
for a given flight and the barograph 
record above mentioned the maximum 
altitude is computed. 

The amount of supercharging is meas- 
ured by a recording barograph of the 
same kind, which is not exposed to at- 
mospherie pressure, however, but which 
is enclosed in a sealed chamber con- 
nected by a pipe line to the air con- 
duit at the carburetor inlets. By means 
ot the known temperatures the altitudes 
corresponding to this record are known, 
so that there is given a record of the 
equivalent altitude of the engine. This 
is practically sea level, as is shown by 
the lower curve in Fig. 9. 

The upper curve in Fig. 10 gives 
readings of a venturimeter-Pitot-tube 
arrangement, which gives the air speed. 
These readings are calibrated by an ac- 
tual flight near the ground over a meas- 
ured course of three miles with the use 
of stop watches. 

By these methods 


very accurate 


knowledge has been obtained of the performance of the super- 
charger under many conditions. 


Supercharger Performances 


The supercharger which has been used to date was primar- 
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The Le Pere plane on which the installation was made had 
a ceiling of about 20,000 ft. with two men, and a speed at 
this altitude of 70 m.p.h. With the supercharger in use, a 
speed of about 140 m.p.h. has been attained at 22,000 ft. 
As already pointed out, this has been with various parts of 


the plane installation in a partially developed state. The- 
oretical computations have been made showing that much 
higher speeds at higher altitudes are to be expected. The 
progress of the flight tests to date indicates that the the- 
oretical expectations will be fully realized. 

The making of high altitude records has always been very 
attractive and the supercharger has of course been used for 
this purpose as well as for the speed courses above men- 
tioned. The maximum altitude attained was on Oct 4, 1919, 
with two men, Maj. R. W. Schroeder and Lieut. Geo. W. El- 
sey. The maximum indicated altitude was 32,335 ft. The 
various computations from very complete observations give 
the actual height from the ground as 31,800 ft. 


30— 


$ 


yn 
°o 


| Standard Altitude | 


Saturation Temperature®C. 


Atmospheric Pressure Inches HG 
ro) 
oe = 
oOo ww 


oe 
v 





Fig. 11. TEMPERATURE aT HigH ALTITUDES 


The supercharger flights have been continued throughout 
the winter but with many delays on account of the weather. 
The work will be resumed most vigorously in the spring. 





New Aeromarine Control 


An improvement in the control system that adds not only 
to the safety but to the fine appearance of the Aeromarine 
flying boat has recently been adopted by the Aeromarine Plane 
and Motor Co. of Keyport, N. J. The new control will be 
exhibited in use in a limousine flying boat at the New York 
Aeronautical Show and will appear in all new types of 
Aeromarines. 


The opinion has been expressed by aeronautical engineers 
and others whose duty it is to make flying safe that some of 
the mysterious and fatal crashes which occur now and then 
may have been caused by the clothing of pilot or passengers, 
or odd bits of cotton waste, small tools, etc., jamming the con- 
trol wires, pulleys or tubes around the stick. This is a matter 
of conjecture only, of course, but it is certain that there is 
danger of exposed wire or other parts of the control system 
becoming inoperative through outside interference in the air. 
The growing interest and participation of women in flying 
adds to the danger from this source, since their skirts, vanity 
bags, ete., may easily jam a control. 


The probleny of eliminating unnecessary wires, pulleys and 
other bits of mechanism exposed in the cockpit was attacked 
by Aeromarine engineers and a decided improvement has re- 
sulted, an improvement which adds not only to the factor of 
safety, but very markedly to the factors of comfort and of 
cleanness of design. 


The entire control, a novel modification of the Deperdussin 
type, is neat and clean Vin appearance. All visible parts are 
heavily nickel plated and buffed so the control is in keeping 
with the thickly upholstered, carefully finished boat. 
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The 15-in. control wheel is mounted on the end of a column 
made from 2-in. O.D. seamless steel tubing. A bronze trunnion, 
attached to the column, works in a pressed steel bearing fast- 
ened to the floor and seat, and supports the column. 

From the lower end of the column, and at right angles to 
it, a shaft projects, which is rotated by the rotation of the 
control wheel through bevel gears and a vertical shaft. These 
gears are covered by grease-tight bronze housings, which are 
made strong enough to take the push and pull of the elevator 
control and act through a universal joint to a steel tube run- 





ControL CoLUMN FITTED IN AN AEROMARINE CABIN FLYING 
Boat 


ning back under the passengers’ seats to the rear of the gaso- 
line tanks in the tank compartment. 

Acting through a universal joint attached to a stub shaft 
supported by two bearings on a rotating sheet steel bracket, 
the tube drives the aileron control wire drum. To the same 
bracket, which is about 12 in. long, is attached the elevator 
control. Two of these wires run forward over pulleys and 
back to the lower elevator horns, the other two directly back 
to the upper horns. The wires attached to the aileron control 
drum pass over pulleys located at the pivot point of the 
bracket, supporting the drum and hence over pulleys to the 
lower aileron control horns. 

‘The throttle control lever is attached to the control column 
and operates in much the same manner as a carburetor choke 
on an automobile. 





A Swedish Sporting Airplane 


The Paalson Works has constructed a light sporting, single- 
seater tractor aeroplane fitted with a 50 hp. Thulin engine. 
The machine weighs 320 kilos. empty, and has a useful load, 
including pilot, of 180 kilos. 

Two large curved runners, which serve as springs, are fitted 
to the under-carriage, as well as a landing brake. A similar 
runner is fitted over the pilot’s cockpit to protect the pilot 
should the machine turn turtle on landing. 

The wings are not fitted with incidence bracing, N-shaped 
struts serving this purpose. The section of the fuselage is 


practically circular throughout, and the stabilizing surfaces 
are integral with the fuselage, 
The speed is given as from 125 to 130 km.p.h.—Luftfahrt. 








Introduction to Propeller Theory 


By Alexander Klemin 


Consulting Engineer, Aerial Mail Service, Consulting Aeronautical Engineer 


Notation and Definitions—Angle of Incidence or Attack: 
The angle between the direction of the relative wind and the 
chord of an aerofoil is indicated by i. The angle between re- 
sultant velocity of relative wind and velocity of rotation of an 
element of the propeller is denoted by A. 

Chord: No special definition can be followed for the chord 
of an aerofoil. For any aerofoil that line will be taken as the 
chord which the original designer has indicated. 

Lift: The component of the force due to the air pressure 
of an aerofoil, resolved perpendicular to the relative wind and 
denoted by the symbol L. The lift coefficient is always denoted 
by Ky. The lift on an element of a blade is denoted by dL, 

Drag: The component of the force due to the air pressure 
of an aerofoil, resolved along the relative wind is denoted by 
the symbol D. The drag coefficient is always denoted by Kz. 
The drag on an element of a blade is denoted by dD. 
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Lift/Drag: This ratio is denoted by L/D and the angle 
between the normal to the line of relative motion and the re- 


sultant air force is given by the equation B = tan 5 


Pitch angle is denoted by C. 
The density of the fluid in gravitational units is repre- 
sented by A 


Notation for Geometrical Dimensions of Propeller 


Diameter d in ft. 

Radius at any section r in ft. 

Blade width b in ft. 

Area of an element of a blade dA in sq. ft. 

Area of annual ring at any section of the stream dS in sq. ft. 


Notation of Velocities of Translation and Rotation 


Translational velocity of airplane and propeller V in ft. /see. 

Indraught velocity of slip stream v, in ft./see. 

Extra velocity gained by stream after passing the screw v, in 

ft./see. 

Angular velocity of propeller W in radians /sec. 

Propeller speed n in revolutions per second. 

For rotational velocity of air before element of propeller W, 

in radians /see. 

Extra rotational velocity of air after passing propeller element 

w, in radians /sec. 

Resultant velocity of translation and rotation V, in ft. /see. 
Density of Air—is represented by the symbol A 
Geometrical Pitch—When a propeller is moving through the 

air, every point on the blade describes a helicoidal path in the 

air, owing to the simultaneous motion of translation and rota- 
tion. Geometrical pitch is the distance that any point on the 


blade would deseribe in one complete revolution if there were 
no geometric slip through the medium at that point. The mean 
geometrical pitch is taken at a point 6624 per cent of the way 
from the center of the hub to the tip, this being the official 
U. S. Army and British Airboard standard. 

Mean Experimental Pitch—The mean experimental pitch, 
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denoted by the symbol p, is the advance per revolution in feet,. 
when the propeller gives no thrust as a whole. The experi- 
mental mean pitch or no-thrust pitch cannot be a constant for 
a given propeller, but depends on the speed of rotation, This. 
is because the no-lift angle of thick aerofoils such as used in 
propellers change quite rapidly with speed. 

Effective Pitch—By this is meant the distance that the pro- 
peller actually advances in one revolution, that is, the speed 
in feet per second divided by the revolutions per second and 
is measured in feet. ' 

Slip Ratio— 

If p = experimental pitch 

V = velocity of revolutions per second 
m = number of revolutions per second 


—V ‘ ; V 
then —© = ship ratio = 1— —. 
np np 
WP ALc 
: na Tato. 


This ratio is very frequently used, although it has no definite 
name. It represents a relationship between the velocity of the 
plane, the rotational velocity of the plane and the diameter 
of the propeller. Geometrically similar propellers at the same 
values of V /nD, exhibit the same aerodynamic properties, and 
hence this forms a valuable basis of comparison. 


Thrust and Torque Coefficients 


Thrust is indicated by symbol 7 in Ib. 

Torque is indicated by symbol Q in ft.-lb. 

Power delivered to the propeller by the engine is indicated 
by symbol P in ft.-lb. 

Effective power is indicated by the symbol P, in ft.lb. 

Efficiency is indicated by the symbol e. 

The thrust for an element of the blade is denoted by aT. 

The torque for an element of the blade is denoted by dQ. 

For any given propeller, a common method of presentation 
of thrust and torque values is by plotting torque and thrust 


, , U ; ; 
coefficients against the rates nd? where V is ft. /see., m in r.p.s. 


and dis in ft. If 7, is the thrust coefficient T, = AVa? and 


@ 


if Qc is the torque coefficient Q¢ = AV'd 


Classification of Propeller Theories 
In the present status of propeller design, it may be stated 
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that practical design is on an empirical basis, and each de- 
signer has his own empirical constants and rules, which he uses 
more or less successfully in any new design. It is of obvious 
advantage to decrease the employment of empirical methods, 
and to base design on theory. The difficulty is that no entirely 
satisfactory theory has yet been devised. 
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The various theories advanced up to date may be classi- 
fied as 

(a) Simple Drzewiecki or Lanchester Aerofoil Theory. 

(b) Rankine-Froude Momentum Theory. 

(e) Application of Bernouilli’s Theorem to the Airscrew. 

(d) A combination of the above theories, developed by 
Riach, Betz, Bendemann, Fage, DeBothezat and other writers, 
which may be termed the Aerofoil Momentum Theories. 


The Simple Drzewiecki Propeller Theory 


The simplest theory of propeller design and the one which 
has reached the widest acceptance is the Drzewiecki theory, 
which Lanchester enunciated about the same time. 

In Fig. 1 is shown an engineer’s drawing of a typical pro- 
peller. 

By a slight effort of the imagination, we can get a clear 
conception of the motion relative to the air which each blade 
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element undergoes. Each blade element has the motion of 
translation of the propeller as a whole, and the motion of 
rotation about the axis of the propeller as indicated in Fig. 2. 

The fundamental assumption is that this element behaves 
like an independent aerofoil. The resultant velocity V, of the 
element is composed of the translational velocity of the pro- 
peller V and the rotational velocity 2xrn so that 

7) = VV*+(22Rn)’ 

This resultant velocity makes with the chord of the blade 
element an angle i which is the angle of attack. 

If the blade element be further considered as an aerofoil, 
the usual meaning will attach to the terms lift and drift, whose 
values will be dependent on the angle of incidence i and on 
the value of V,. We are not so much interested in the values 
of dL and dD, however, as in the value of the force components 
along the axis of translation and along the line of rotation, 
the one will be a part of the total thrust of the propeller, the 
other will be a part of the torque of the propeller. 

Resolving along these two axes, we have 

for thrust component dZ cos A— dD sin A = dT 
for torque component [dZ sin A+ D cos A] r = dQ 
Multiplying these components by the translational and angular 
velocity respectively, the efficiency will be represented by the 
expression : 
VdaT 
ree 2nxrndQ 
: V 
putting D/L = tan B and Inka = tan A 
tan : ; : 
= = (A+B) by an easy simplification. 


It is obvious that the efficiency will increase as B diminishes 
or the L/D ratio of the blade element increases, At the same 
time there is a condition of maximum efficiency for the ex- 
pression with a constant value of B. Thus differentiating the 
expression for efficiency with regard to A, the expression will 
be found to have a maximum when 


x, B 
A=F4+5- ; 
The symbols dZ and dD can be written down in more explicit 
form. Thus if Ky and Kz are the lift and drag coefficients for 
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the blade element at angle of incidence, i, dL = KydAV* and 
dD = K,dAV’. 

When the thrust and torque components for the elements of 
the blade are integrated for the entire blade, by a process of 
either mathematical or graphical integration, the thrust and 
torque for the entire propeller are found. This constitutes 
the whole basis of the Drzewiecki theory, and the aerodynamic 
basis of propeller design consists in the refinement, extension 
and application of the above formulae. 

Quite apart from the questions of losses at the tips, losses 
at the hull, interference between blades, scale-velocity correc- 
tions for lift and drift coefficients, the correct value of aspect 
ratio to be assigned to any blade element, and other points, the 
simple Drzewiecki theory does not take into account the velocity 
at inflow which is greater than the translational velocity of the 
propeller and the velocity at outflow which is still greater, 
the rotational velocity of the air both in front and in rear of 
the propeller, and the variation and restrictions in the area of 
the stream. Modern theories of the propeller constitute an 
endeavor to remedy this incompleteness. 


The Rankine-Froude Momentum Theory 


In the Rankine-Froude method, the propeller is considered 
not in its separate elements but, as a whole, and the thrust is 
found from the foree required to impart a certain momentum 
to the fluid. 

The fundamental conceptions of this theory as applied to 
the air screw may be very simply stated. Using the notation 
given at the beginning of this note: V = = of advance of 
the serew, v, = indraught velocity, v, = extra velocity gained 
by stream after passing the screw, and calling dM the mass of 
the stream under consideration acted on by an element of the 
screw, the useful work done per second is dT. V = dM(v, + 
v.)V. é 

The element of the blade exercises this thrust dT on the air, 
but meets it at a velocity (V + v,), so that the work done on 


oi , ; V 
the air is dT (V-+-v,). The efficiency is therefore (W+e) o,) 


This is also an expression for the maximum theoretical ef- 
ficiency. This efficiency can only occur in a perfect fluid. 

In a perfect fluid it also follows that all the work done by 
the thrust of an element of the blade on the air is converted 
into the increase of kinetic energy of the slip stream. From 
this it follows that dT(V + v,) = %dM(V + v, + v,)*— (V’) 
so that v, = v,, and if v, = v, the expression for thrust becomes 
simplified, so that dT = dM(v, + v,) = 2dMv,,. 

Instead of considering an element, the entire disk area of 
the serew may be considered in similar fashion, If A is the 
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density of the air, and the stream be taken to occupy the entire | 
; A xD’ A xD 
disk area T = ie % (V.44,) .(%,-+2,).= 73 (V + ,)», 
In a perfect fluid, this formula would for a given value T 
and V give us the inflow velocity and the efficiency immediately. 


Application of Bermouilli’s Theorem to the Airscrew 
In applying Bermouilli’s theorem to the airserew, the air is 
(Continued on page 154) 














The paper which is printed herewith is of peculiarly timely 
interest in connection with Major R. W. Schroeder's altitude 
flight to 36,000 ft., Feb. 26, last, which establishes a new 
world’s record. Having reached this altitude, Major Schroeder 
lost consciousness owing to his oxygen feed tank having become 
exhausted and dropped to within 2,000 ft. from the ground, 
when he recovered partial consciousness. He then righted the 
machine, a Lepére biplane fitted with a Liberty Twelve and 
equipped with a Moss supercharger, and glided down to make 
a perfect landing at McCook Field, whence he had ascended. 
When officers and mechanics reached the machine, Major 
Schroeder was found to have collapsed: He was promptly 
removed to the Post Hospital, where it was found that his 
eyeballs were frozen and that he suffered from temporary 
blindness and carbon monoxide poisoning, in addition to the 
effects due to the lack of oxygen during his dive and the ex- 
tremely low temperature at high altitudes. The thermometer 
registered —67 deg. Fahr. at the peak of the flight. The 
carbon monoxide poisoning from which Major Schroeder was 
suffering was due to the engine exhaust, which blew back into 
the cockpit, the poisonous effects of the carbon monoxide be- 
ing greatly intensified by the rarefied air reigning at those 
altitudes.—EpIrvor: 

When some twenty-five years ago I began making notes of 
the effects of altitude on the human animal, I never dreamt I 
should be ealled upon to make publie any of my observations; 
I am doing so now with the utmost diffidence and buoyed up by 
the hope that a few of the facts I am about to bring to your 
notice may be even indirectly useful. 

In view of the rapidly approaching use of commercial avia- 
tion as a means of passenger transport, I wish it to be clearly 
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understood that I am not approaching the subject from the 
purely scientific point of view, but rather from the standpoint 
of the men in the street, whose experience of altitude may be 
very moderate, as indeed is my own. Seeing that from 10,000 
to 15,000 ft. is the average height at which I made my observa- 
tions, partly for convenience sake and partly as I found those 
altitudes were conducive to comfort; and I, therefore, have 
little or nothing to say about that valuable invention, the low 
pressure chamber or the apparatus for rebreathing experi- 
ments, or on the use of oxygen for inhalation, which latter has, 
of course, been invaluable or rather a necessity when dealing 
with altitudes above about 18,000 ft. 

I am rather attempting to show how the ordinary mortal 
san get on, and very well, too, at the moderate altitudes I 
selected as the grounds on which I made my own experiments; 
and to try and analyze, as far as I can, from my own re- 
searches, and aided by those of far greater people than myself, 
so as to find out what are the causes of discomfort at those 
altitudes, and, what is far more important, how they can be 
avoided. 

Looking back to the early history of aviation, I do not know 
that I derived much information that was useful, for on study- 
ing the account given by Doctor Jeffries when he crossed from 
Dover to the forest near Calais in 1785, the only discomfort 
upon which he laid stress is that he suffered severely from 
cold, and this is hardly a matter for astonishment, as he states 
plainly that, owing to the small amount of ballast carried, he 
and his companion had literally to divest themselves of every 
shred of clothing they possessed, so that on their arrival their 
warmth was only restored to them by the kindness of the 


(Continued on page 155) 
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Introduction to Propeller Theory 
(Continued from page 153) 


regarded as flowing in a streamline manner up to the airsecrew 
disk, where it instantaneously receives an increase of total head 
and flows on in a streamline manner. The increase in head 
for the streamlines integrated should then be equal to the 
thrust. The ideal conditions of flow are shown in Fig. 3. 

Here the inflowing column has at a sufficient distance in 
front of the screw a sectional area A, a velocity v and the 
general pressure of the air p. The outflowing column at a 
distance behind the screw such that its pressure has fallen to 
the general value p has a uniform velocity (V+ +’) and a 

. AV 
sectional area V0 

Measurements of head closely on either side of the screw 
indicate that an integration of the differences in head will 
approach very closely the value of the thrust. 


Aerofoil Momentum Theory in a Viscous Fluid 


The aerofoil-momentum theory can be at once applied to a 
viscous fluid, if it is assumed that while there is loss of 
efficiency at the blade element, so that the aerodynamic ef- 

tan A 
tan (A + B) 
of the thrust on the fluid is converted entirely into increase 
of kinetic energy of the fluid, which is quite a reasonable 
assumption. In considering the relative velocity of the fluid 
to the blade element, inflow velocity must be taken into con- 
sideration as in Fig. 4. 


ficiency of a blade element is only , the work 


, V 
The true efficiency of the serew now becomes ere x 
tan A 
tan (A +- B) 


The full connecting equation becomes (dZ cosA — dD SinA) 


Ads 
=— The 


Sige (V + ,)(v,-+ v,) where v, = v, as before. 


fact that v, = v, can be demonstrated as before. 


The Aerofoil Momentum Theory with Race Rotation 


The introduction of the idea of race rotation is due to a 
number of writers, DeBothezat and Riach in particular. 

To maintain torque, there must be a transverse thrust ac- 
companied by a change in the transverse momentum of the 
air, just as there is a change in the axial momentum of the 
air. The effect of this change in transverse momentum is that 
before the air comes in contact with the blade it already has a 
rotational velocity in the same direction as the propeller blade 
element so that the relative angular velocity between air and 
blade is diminished. 

_ Using the notation at the beginning of this note and assum- 
ing as in treating axial thrust and momentum that all the 
transverse thrust of the blade goes into inereasing the kinetic 
energy of the air transversely, we can write 

dM (w, + w,)r[W — w,]r 
= 14dM[ (2nnr)* — (2xur — w,r — w,r)*] 
which is a result exactly similar to that obtained for axial 
thrust. It can be readily demonstrated that w, = w,. 
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Physical and Psychical Effects of Altitude 
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ladies who rode out from the chateau to meet them, and lent 
them their cloaks as protection during the eleven mile ride on 
horseback to the chateau; also the height attained was appar- 
ently only 1000 ft. or two. 


Possibly we can all agree that the chief factors causing» 


physiological or pathological phenomena (I am using those 
terms clumsily, meaning to distinguish between effects that are 
either within or without the bounds of health) at various alti- 
tudes are the chemical differences in the atmosphere and the 
variations in pressure. I have tried to separate the physical and 
psychical causes and effects as far as possible, but I cannot say 
I have been successful, as the two appear to be inseparably 
mingled. If I appear to be stating facts that are too evident 
to every one, I must ask you to pardon me, as this short paper 
is addressed not only to the scientific public. 

There is no doubt that at about sea-level we deal with a 
pressure of 760 mm. of mercury and a comfortable atmosphere 
of, say, about 20 per cent of oxygen. At 6000 ft. we have, 
roughly, a pressure of 615 mm. and about 16 per cent of 
oxygen. at 14,000 about 450 mm. and about 12 per cent of 
oxygen. Equally we agree that as we ascend the higher pres- 
sure gradually merges into the lower. These chemical and 
physical changes may, of course, account for many of the 
phenomena, and possibly by mal-nutrition may upset the nerv- 
ous system, and at any rate help to produce the physical effects, 
though in the Alpine experiments there are obviously other 
causes, such as the emotional effect of the scenery, the brilliant 
sun or driving snow, as the case may be; the delightful clear 
air or, on the other hand, dense fog. 


Early Experiments 


During my early experiments I worked alone in the moun- 
tains, and for obvious reasons did not take my subjects into 
my confidence, but always made photography my excuse for 
the various ascents; and after 1914 by far the larger part of 
my work was carried out in the early dates of the war, before 
the R.A.F., M.C., was in being in this country, as far as re- 
search went. 

First of all I wish to give you a few facts and data, as far 
as I was able to collect them, concerning happenings on various 
mountains in Switzerland and the Dolomites where muscular 
effort was involved, then to compare the results of investiga- 
tions on people of a very different type, who ascended from 
1800 ft. to 11,100 by train. 

In my first set of experiments I kept as closely as I could 
to two different types of ascent:—(a) Where there was noth- 
ing sensational or heady, but simply a steady climb; (b) 
where the ascents involved traverses with little or no help here 
and there save what was afforded by the rope; this was done 
purposely in order to bring in the emotional side of the experi- 
ment. 

It ould seem that there is a definite altitude for each indi- 
vidual where the low atmospheric pressure or the deficiency in 
oxygen caused so much disturbance, that what’ I would term 
the compensating mechanism seemed to be unable to adjust the 
organs to the changed conditions; and all through the experi- 
ments I hope and believe you will notice that it is not so much 
the changes that matter as the power of the individual to adjust 
himself or herself to them. 

Even at so low an altitude as 7000 ft., I found a large num- 
ber suffering from dypnoea slightly at first, but increasingly so 
for the first four or five days, after which recovery took place. 


This was as it should be according to the text books, but, as . 


we shall see, there are many cases where the sequence of symp- 
toms are reversed. 

One thing struck me, and that was the same individuals had 
what one might term a “relapse” when either fog or really 
strong wind came on, and this would happen without their 
complicating matters by taking exercise. Of course, I am not 
ineluding any of those health resorts such as Arosa, where the 
bulk of the tourists are presumably patients suffering from 
lung trouble, but I am dealing with what are supposed to be 
the ordinary healthy adults. 


Dyspnoea Greatest at Night 


Several times I was greatly struck by the fact that the 
dyspnoea was greatest at night, about 2-4 a. m., when, of 
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course, vitality is at its lowest end. One little instance may 
be interesting. I was going to my room rather late—about 
2.30 a: m.—when I noticed the door of a bedroom open and 
sounds from within, as though the occupant was not altogether 
happy. I cautiously peeped in ahd found a lady, apparently 
about 30, lying on her back; her lips and finger-nails dusky; 
her pulse well over 130 and her respiration about 34. 

I gave her a dose of oil of peppermint and salol and she 
rapidly recovered, and then told me that she and her brother 
had come straight up from Genoa and had gone to bed feeling 
tired; she had woke up or, rather, had been wakened by a feel- 
ing of oppression in her chest. 

I went inio the brother’s room and found him in much the 
same condition, artd gave him a dose of whisky and some 
strychnine; he suffered more or less all night, while the sister 
slept perfectly happily; the next day they both went for a 
walk, danced in the evening, went to bed and had no further 
trouble. The comparison of these two cases seemed to me to 
point to the splanchnies being at fault, or, at any rate, being 
responsible for some part of the trouble. I examined both a 
day after. Pulse, 72-76; respiration, 18; absolutely no symp- 
toms., They remained the whole season at from 8000 to 10,000 
ft. withéut ill effects. Clearly the recovery was too rapid for 
the malady to have been true mountain or altitude sickness, 
yet at first sight it seemed a clear case. 

An ascent up to 13,400 ft. was rather interesting. We 
mounted slowly (1000 ft. p. h). Ont of a party of ten, five 
had no symptoms at all; pulse, 120 to 125; respirations 20 to 
24; three vomited; pulse, 120 to 130; respirations, 28. These 
three complained of what they termed misty vision and showed 
a certain amount of cyanosis; two suffered a certain amount 
of dyspnoea; pulse, 120; respirations about 30; very slight 
cyanosis, and black coffee apparently set them right. 

Two were perfectly well on the ascent, but on going down 
complained of slight frontal headache, and curiously enough, 
although their pulses and respirations were respectively about 
120 and 30, they complained of no distress until near the hut 
on the descent, when they described their feelings as breathing 
air that was stuffy; severe frontal headache set in; aspirin 
increased it, but salol effected the recovery within an hour. 
The next day everybody was well, and we repeated the same 
ascent, but by another route. I alone carried the barometer, 
instruments and other medical comforts, so no one knew at 
what altitude they were, but the same symptoms were repeated 
within 100 ft. of the same altitudes as on the previous day. 

Repeated these experiments several times, always on subjects 
who had not made ascents before; but as far as possible I 
avoided complications in the way of unusual fatigue, as each 
member of the party was physically fit -ud able to walk for 
considerably longer periods than the time of climbing, so as 
to allow for additional fatigue during the ascent. One curious 
point is worth mentioning. When walking up a slope caused 
distress, as soon as the gradient became steep enough to allow 
of our going on all fours, every one moved on with much 
greater comfort. 

Also on one oceasion another point came to light. We had 
been accompanied one year by an Irish terrier dog, who be- 
came exceedingly expert in climbing; and one day at the top 
of a peak, about 14,000 ft., the dog was perfectly happy; 
without thinking I held him up by his fore paws, as though 
he was begging; he began to pant and the inside of his lips 
became darker in color; I let him go and he soon recovered. 
His master rather doubting the truth of what I said about the 
dog, called him to him and repeated the same experiment with 
exactly the same result. It was obvious in this case that the 
change of posture had done something to disturb the animal’s 
sympathetic nerves. I should add that the halt at the end of 
each ascent was about 15 to 30 min., so as to regularize any 
symptoms during the descent. 

I had only a primitive manometer in those days with a closed 
end. As far as I could vouch for its accuracy, which I fear 
was not very great, the systolic pressure before commencing 
the ascent varied from 108 to 120 mm. In people who suffered 
no distress at all there was a rise of about 5 to 10 mm. in the 
two people who vomited. The rise was shortly after followed 
by a fall. The interesting point was that whether these were 
symptoms or not, the rise of B.P. was much the same, as if 
the symptoms bore no ratio to the sensitiveness of the medul- 
lary centers. 
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I regret I had no opportunity of repeating the tests at the 
conclusion of the climb to see when the normal B.P. was 
reached. 

All these cases seemed to point to a definite physical cause 
disturbing the machinery during the experiments, but to my 
surprise when making another test up to only 9000 ft. on the 
glacier side of the Riffelhorn, which is a fairly vertical climb, 
although only about 2000 ft., as we start at 7000, practically 
the same phenomena can be produced—lI take it, chiefly due 
to mental effect. In no case was any one the worse the next 
day, and the same experiments were repeated practically every 
day for a week with very little alteration in physical signs, 

I regret that I am not able to give any data as to how far 
the two who vomited were able to recover their power of com- 
pensation, as they gave up any further attempts, but I heard 
a week afterward they were none the worse. 

In support of the oxygen-hunger point of view, I might 
mention an interesting little incident. I was at about 6000 ft. 
about to start on a short, ordinary ascent. Outside the hotel 
was a bowlder, too smooth for ordinary climbing; it was only 
about 60 ft. high. A chaplain with me was anxious to get 
up to the top. As I had my rope-shoes on, I offered to get 
him up with the help of one of the guides. We roped up in 
a hurry over one shoulder. I went on, and at the top hauled 
on the rope. Up came the chaplain, and we were much inter- 
ested to find that he was absolutely blue, and practically un- 
conscious. His respirations were 38, pulse 130, and he was 
showing every sign of oxygen-hunger. On examination we 
found that in my haste and being very cold, instead of using 
a bowline, I had tied him up in a “ granny,” which, of course, 
slipped and, compressing his wind-pipe, had given him a de- 
lightful oxygen-hunger. It happened that there was a lady 
at the hotel suffering from pneumonia and was being treated 
with oxygen. We merely had to put the tube between his lips, 
and he was none the worse for this adventure. 

This, I think, illustrates very clearly that oxygen-hunger 
alone will produce the symptoms we have been discussing. 

In all I made 104 observations. In two there was a transi- 
tory albuminuria. I happened to be consulted by some eight 
or ten at the close of the season, and in about four cases there 
was marked phospaturia and oxaluria; the former I put down 
to the effects of strain; the latter, I must confess, puzzles me 
altogether. In all those cases which I would term slight and 
acute eases, I almost invariably found that the old guides’ 
remedy of oil of cinnamon on sugar gave great relief, as if 
gastric and intestinal distension were the first cause of the 
trouble while the circulatory and other essential compensating 
changes were quietly taking place meanwhile. 

Happening to make a test on a rock climb at about 12,000 
ft. on a subject, a Mr. X——, who had shown no distress what- 
ever, I was able to obtain all the physical signs, as well as 
symptoms, of mountain sickness simply by letting the subject 
hang over the edge of an arréte, and to eliminate the altitude 
I repeated the same experiments on a needle of rock, the sum- 
mit of which was barely 5000 ft. above sea level, with exactly 
the same results—rapid pulse, rapid breathing and subsequent 
headache, but hardly any cyanosis, but marked rise of blood 
pressure immediately afterward. 

When the train ran up the Jungfrau, up to 11,000 ft., it was 
easy to make numberless experiments. It was usual to start 
at an altitude of 1800 ft. and go practically straight up to 
11,000 or more in about two hours. 

I will give you some of the results during two weeks’ ob- 
servation; naturally, I excluded all obviously unfit subjects, 
such as very elderly people. Here you will see there was no 
question of muscular effort complicating matters, save in the 
last experiment. Out of 72 subjects examined, the pulse was 
raised by about 5 to 20 beats, respirations varied greatly from 
22 to 38; as far as my rough manometer allowed, I estimated 
the rise at about 10 mm. I was able to count about 600 that 
I could keep fairly well under observation without their being 
aware of it. There was not a single case of hemorrhage, only 
9 vomited, 23 showed some little distress on walking at the 
summit, no one seemed to suffer from troubles of vision, but 
were able to take photos with comfort. Of the 72, I was only 
able to find 10 who complained of tinnitus, and my private 
opinion is that many of those ten said they did because they 
thought it was the correct thing to say. In any case, every 
one was relieved by swallowing, save one wretched youth who 
had obvious adenoids. A good many passengers complained of 
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sore throats, but this may possibly have been due to the extreme 
dryness of the air and wind coming off the ice. 

I made several experiments with regard to B.P. on people 
who stayed at the summit about 12 hr. Out of about 40, 19 
showed distinct fall of B.P., and all the way down in the 
train they were irritable, becoming worse on descending. Some 
few complained of headaches. I was able to ascertain that 
every one was entirely well the next day. Also after repeated 
ascents, going up and down the whole day, the B.P. at the end 
of the day was below normal in 12, and up in 4 or 5, and out 
of 17, four complained of headaches, and they were all more 
or less irritable. There was one additional experiment on a 
party of five; part of the results landed me in a hopeless 
puzzle. We went up by train to 11,000 ft. and then climbed 
to the summit, or rather walked, as it cannot be called a climb; 
pulse and respirations increased only by about ten and two 
respectively; B.P. I was not able to take. There were no 
symptoms at all save in one man, who had been perfectly fit, 
but at 12,500, roughly, became suddenly cyanosed; his pulse 
was rapid 140 and wiry; he had to be helped down. I after- 
ward learned that he was a strong, positive Wassermann. 

There were two old ladies, apparently over 60 and very 
stout; to my disgust they neither of them suffered on the 
ascent or descent. I had a little chat with them in the evening, 
and they told me they had just come from Carlsbad. 

One other very curious point came out, about five years ago, 
in a little quiet mountain place, with no excitement there to 
raise possible complications. There were two young adults 
who had just arrived, and on the same day they both had 
what seemed to be an endless succession of epileptic seizures, 
although they had suffered none for more than ten years. 

I came across the case of a man who was presumably per- 
fectly sound; at least he had been examined frequently and 
told so. After two months of passes, varying from 8000 to 
14,000, he had a marked systolic murmur, but suffered no 
symptoms. 

It has often struck me that what may be termed the reaction 
time in guides is slow and their movements needlessly deliber- 
ate. This, of course, may be due entirely to their training, 
but they show it even in their games during the season, and 
if one meets them at other periods of the year, down in the 
valleys, they seem quite different in temperament; I mean 
much more alive and brisk, physically and mentally. 

_I have tried thus far to examine the various different condi- 

tions which take place at high altitudes, such as the low pres- 
sure and partial oxygen pressure; there is also the cold to be 
considered, often very strong wind, and, although it may seem 
fanciful, I always think there is some form of electric tension 
in the air which causes the general exhilaration; when we have 
all these causes together, some of the signs and symptoms are 
almost contradictory. 


“Low Mentality” Experiment 


[ will give the experiences of a man we will call X He 
was a person of what I call low mentality and really had not 
sufficient imagination to understand that he would damage him- 
self if he fell from the rope. Giddiness, in the ordinary sense 
of the word, was a thing he could not grasp, so we may take 
it he was a good subject for a test by all various conditions 
together. He made the ascent of the Gabelhorn (14,700 ft.) 
in mid-September, after having been in the valléy at an allti- 
tude of about 1000 ft. for a week or two. The ascent and 
descent took altogether about 14 hr. He suffered dyspnoea, 
but no actual pain, though conscious of rapid breathing as 
soon as he passed 11,000 ft. 

Owing to the lateness of the season and to the weather not 
being good, cold was of course considerable. At about 13,000 
he began to suffer vertigo; pulse was rapid and seemed to him 
thundering in his ears; he was told it was snowing, but that 
did not worry him; he felt a keen desire to go on, but his feet 
and hands were heavy, this was when walking; on reaching 
the rocks about 13,000, he vomited, then climbed with much 
greater comfort on all fours, but at the summit the difficulty 
in breathing returned. He seemed to have voluntarily resorted 
to what is known as Cheyne Stokes breathing. 

Coming down the same form of breathing returned at inter- 
vals, involuntarily; his B.P. was roughly 15 below normal. 
The next day he was none the worse; B.P. normal; age 46. I 
attributed his getting off so lightly to the fact that on the ascent > 
more than half his food was lost, so his digestive organs were 
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not over-taxed. Examined next day, pulse 140, respirations 
28, no pain or discomfort and no more tired than after an 
ascent by train to 11,000. This seems to point to the fact that 
compensation takes place more or less rapidly in different 
people, but that either muscular fatigue or too long a con- 
tinuance at a particular altitude that is high for each particular 
individual may cause a reversal of the usual phenomena; in 
other words, instead of muscular effort stimulating the medul- 
lary centres, it may help to exhaust them rapidly. 

Putting all these facts together it seems that in a case where 
muscular effort is employed the rise of pulse rate, respirations 
and B.P. are very little in excess in those cases where there are 
symptoms of distress over those when no distress is felt. It 
also seems to me to draw attention to the very large part 
played by digestive organs, and also by the higher nerve centres, 
as shown in cases where a little sensation is introduced, for 
in this case I should have mentioned that the B.P. rose in much 
greater ratio, also the headache and fatigue in the evening 
were just as marked as after the more fatiguing ascent. Of 
course I do not mean for one moment to imply that because 
all the signs and symptoms can be produced without any great 
actual altitude, therefore we can afford to ignore the physical 
changes caused by those high altitudes, but merely to point 
out that it is not fair to blame altitude only for all the dis- 
comfort. 

In trying to estimate the factors for these physiological 
effects I have begun by examining the effects of want of 
oxygen resulting from lower pressure of this gas. Dr. Raven- 
hill has described two types of altitude sickness, one the acute 
as in most of my experiments, and secondly, the slow, beginning 
often with cyanosis, but it seems to me that the slow form is 
more what I would term a throwing up of the sponge by a 
compensating mechanism, though the two are often shaded into 
each other. 

These facts may go some way towards convincing the laity 
that most of us can take advantage of aviation as a means of 
transport, and should we ever feel unwell during our air ex- 
eursions let us remember (1) the adaptability of our systems; 
(2) that far the larger part of the discomforts of this life are 
due to digestion; that those of us who are sea-sick get over 
it and are none the worse, therefore there is no reason why 
we should not get over air-sickness. And lastly, that we should 
be chary of putting down every discomfort we notice when 
at an altitude of 12,000 or 14,000 ft. to that altitude, remem- 
bering that if our car refuses to move when travelling on an 
unaccustomed road we do not say the road is impossible, but 
rather examine our engine, see what is amiss in each particular 
ease. Is it not common justice to accord the same common- 
sense leniency to our bodies, seeing how much we all want to 
take them by air? 


The German Daimler Airplane L-14 


The accompanying illustration shows in front view the 
German Daimler L-14 equipped with a 240-hp. Mercedes 
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motor, which has been designed for commercial purposes. 
The pilot and passenger sit close together and are well pro- 
tected from the wind. They have excellent vision. 

The useful load is 1056 lb., composed of two men, four 
hours’ gas and oil and 264 Ib. of surplus load. 

The machine has a climb of 16,400 ft. in 25 minutes, and 
a speed of 118 m.p.h. Although the wings are somewhat 
heavily loaded, the monoplane characteristics permit it to 
make good get-aways and landings. 

It is interesting to see the ngid wing truss monoplane 
developed for commercial purposes. 





Special Construction of School Machines 


The main considerations in the construction of school, as 
distinct from active service and especially scout machines, 
consist : 

1. In easy accessibility of the parts even to the detriment 
of low head resistance, and 

2. Safety of construction in view of crashes. 

The first consideration requires that the control wires should 
be situated as little as possible inside the wings and fuselage, 
that the axle should be without wood fairing and the en- 
gine uncowled or only partly cowled, to enable the pupil to 
see the working of the various parts and to facilitate repairs. 


Secondly, school machines, in spite of the increased cost, 
should be built of wood—preferably with plywood fuselage, 
as steel tubing in a crash is unyielding and prevents rapid 
extrication of the victim.—Zeitschrift fur Flugtechnik und 
Motorluftschiffahrt. 





Institute of Aeronautical Engineers—Great 
Britain 

Some of the objects of this institute are as follows: 

(a) To promote the science, art and practice of aeronautical 
engineering and all branches of mechanical construction 
thereto. 

(b) To conduct examinations and grant diplomas, thereby 
maintaining a sound classification, or grading, of aero- 
nautical engineers. 

(ce) To give an impulse to inventions and investigations 
likely to be useful to the members of the Institute and 
to the aeronautical industry and advancement generally. 

(d) Publicly to recognize knowledge of mechanical science, 
laboratory experience, and piloting ability, as essential 
to the fully qualified aeronautical engineer. 

The President is at present Professor G. H. Bryant, the 

well-known authority on theoretical aerodynamics. 

Examinations are now being organized. 


Membership forms may be obtained from Alexander Klemin, 
22 East 17th Street, N. Y. 
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The show is almost entirely devoted to commercial machines, 
with almost no exhibits of a military or naval character. It 
demonstrates conclusively that aeronautics have now entered 
on a purely commercial phase, and at the same time it gives 
an excellent opportunity of reviewing the entire field of com- 
mercial design. 

Commercial machines are falling naturally into certain 
classes, with well defined characteristics for each class. De- 
signers and builders show refinement, simplicity and aerody- 
namic improvement in all the classes exhibited, and while 
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there are no radical innovations in any class, yet there is 
shown considerable originality in many machines. The gen- 
eral standard of both construction and design is very high, 
and indicates a tremendous advance over pre-war standards. 

One outstanding feature of the show as compared with 
pre-war practice is the attention given to fuselage construc- 
tion from ar installation and comfort point of view; the fre- 
quent employment of the enclosed fuselage, and the provision 
of many interior fuselage accessories. 

There is far more insistence on such points as well as on 
security and reliability than on the extreme performance and 
maneuverability of war times: There is also an effort on 
the part of manufacturers to meet the demands of the public 








Impressions of Airplanes at the Show 
By Alexander Klemin 
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as regards price, and to supply machines.in at least certain 
classes at an extremely moderate price. 
Mail and transportation machines are distinct features ol 
the Show and show remarkable possibilities of utilization. 
One-Place Sport Planes 


A decided impression is created in this class by the L.W.F. 
Butterfly, equipped with a 72 hp., 2 cyl. air-cooled motor. 
The little machine has a gross weight of 918 lb., a wing area 
of 176.5 sq. ft., and a wing loading of only 5.2 lb. per sq. 
ft., with a span of 29 ft., and an overall length of 19 ft. 

The machine has evidently been built with a definite con- 
ception in the designer’s mind, and shows a serious and suc- 
cessful atatempf tto meet the demand for a low priced, ex- 
tremely simple, sporting machine. 

As one of the means of attaining simplicity, the plane is 
built as a rigid truss monoplane, which carries with it a mini- 
mum of parts, and a minimum of trouble in erection in the 
field. A drawback to the use of a monoplane design is a some- 


what large span, which necessarily follows even with a small 
aspect ratio. 


There also follows an increase in overall length. 
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In the monoplane a larger chord must also be employed than 
in a biplane of the same area. 

If these points are balanced against the simplicity of con- 
struction of the monoplane, the reduced number of exposed 
parts and the absence of interference between the two wings 
of a biplane, it may be safely said that there is very little 
to choose between a biplane or a monoplane, for the small 
type of machine. 

The general appearance of the Butterfly is very good and 
clean. In an early example of the machine the wing was car- 
ried high above the body. By bringing the wing level with 
the top of the body the designer has considerably improved 
the neatness of the job, as well as simplifying the bracing. 
It is fully to be expectetd that with the low wing loading 
and the low power loading the machine will have both a low 
landing speed and short landing run, as well as a quick get- 
away. 

The two-ply monocoque body is of the usual L.W.F. con- 
struction, and presents a very neat and sturdy appearance. 
The bracing of the wing truss should be highly satisfactory. 
The main lift struts are perfectly adequate in strength, as 
they stand, and the short struts connecting at half their length 
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will effectually prevent. a tendency to buckling. The gen- 
eral scheme of the wing trussing is shown in the accompany- 
ing sketch. It is obvious that the bracing in the drag should 
also be amply sufficient. An external drag wire is carried 
as an additional safeguard; from the rear strut point to the 
front part of the body. 

Apart from the excelleney of the general design, a num- 
ber’ of interesting detail features are present. On_all of the 
strut ends universal fittings are provided, so that all fittings 
are interchangeable, with eye bolts serewing into brazed tube 
ends. The external drift wire is connected to what; amounts 
to a universal end at the fuselage, which is an excellent guar- 
antee against break-down by vibration. 

The engine mounting is particularly interesting. The motor 
is clamped between two aluminum castings by two U-bolts 
which fasten the motor to an aluminum bulk-head, which fits 
on to the end of the monocoque fuselage. 

Another machine in the one-place sport plane class is the 
Horace Keane model K-1, which was separately exhibited at 
Hotel Vanderbilt. 

The Horace Keane model K-1 is a tractor biplane of 25 ft. 
span, 19 ft. 6 in. overall length and 8 ft. height. It is fitted 
with a 40 hp. Horace Keane engine of the 4-cyl., vertical 
watercooled type, which gives the machine a maximum hori- 
zontal speed of 80 m.p.h. and a landing speed of about 30 
m.p.h. The machine weighs fully loaded 832 lb.; the wing 
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loading “is 4.5 Ib. and the power loading 20.6 lb, which fea- 
tures should give the plane considerable maneuverability. 

The wings are designed to fold back against the fuselage 
by removing four pins from the front end of the center sec- 
tion. The overall dimensions of the K-1 are thus reduced 
to 20x10x8 ft., which is a very valuable feature for storing 
the machine or for moving her on the road. 

The fuselage is of the four longeron type, braced by veneer, 
bulkheads and covered with plywood sheets. It has a good 
streamline and a generally pleasing appearance. 

The landing gear is of the V type, with a center skid to 
prevent nosing over. 


Passenger Machines—Touring Planes 


In a definite class by themselves are what may be termed , 


touring machines carrying more than two occupants. No 
less than three of these machines carry the Hispano-Suiza 











TO AILERONS 


OF ~~ 





SIDE- BY SIDE CONTROL 


\ 


\ 


Fig. 4. Orenco Stick CONTROL 


motor. Designers seem to have met the requirements for tour- 
ist and taxicab business in very good fashion, and there is 
no doubt that machines with a pilot and two or three pas- 
sengers will find a suitable market awaiting them. ‘There is 
still apparently difference of opinion as regards the relative 
advantages of giving the passengers a comfortable enclosed 
fuselage, and the disadvantages of depriving the pilot of a 
certain amount of vision and feel in the air. No attempts 
have been made to secure great speed, these machines being 
under or in the neighborhood of 100 m.p.h. 

An entirely new machine in this class, and perhaps the 
most interesting of them, is the Orenco Tourister, built by 
the Ordnance Engineering Corp. The span of the ship is 
38 ft., overall length 24 ft. 10 in., gross weight 2,300 Ib., 
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Fig. 5. Orenco Controt PuLLEY ARRANGEMENT 


and the wing loading is 6.5 lb. with a 150 hp. Hispano. The 
power loading is 15.2 pounds per horse power, carrying a 
pilot, 3 passengers, baggage and fuel. It is estimated that 
the machine can cover 290 miles at the high speed of 90 
miles per hour. The designer of the Orenco has not thought 
fit to enclose the occupants of the machine. They are seated 
side by side with the dual control in the front cockpit. The 
occupants are very well shielded with hoods of the automo- 
bile type. The machine has a very pleasing general appear- 
ance and is very neat and finished in design. Some features 
are especially noticeable. 
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Production possibilities have been very well taken care of. 
All struts are exactly alike and are of straight section, easily 
taken care of by a shaper with the ends readily trimmed off 
for the tapering effect. All the ribs are alike throughout 
the machine. The top and bottom wings are completely in- 
terchangeable. The production idea has been carried out in 
many other details. One of the sketches show the simple 
way in which a small bent up clip provides a support for 
the control pulleys. Strut fittings are all of the single eye- 
bolt type. 

The control system of the Orenco is worth considerable in- 
terest. As shown in the sketch, the elevator and aileron dual 
control is built up of square tubing. This provides very easy 
end connection. The elevator arms also fit very well on to 
a square tube and there is no possibility of the elevator arms 
shearing through small pins, as is often the case. 


The sketch of the control system also indicates the great 
simplicity of the aileron system. By means of four pulleys, 
a couple of inter-aileron struts and wires, with the main 
wires in the exact plane of the control sticks, when normal, 
all aileron masts are avoided. The designer of this control 
system may well be congratulated upon the originality and 
ingenuity displayed. 

The chassis, as shown in the sketch, also gives evidence 
of a careful production outlook. It is a peculiar thing how 
well a wide body seems to work out in a design of this type. 
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Granted that a wide body means a certain amount of extra 
aerodynamic resistance, a number of advantages derive from 
its width. For instance, with the ordinary width of track, the 
struts come straight down; the Hispano engine is completely 
enclosed; the chassis connections to the vertical struts work 
out beautifully. In general, it is quite possible that a wide 
body may have so many advantages that its slight increased 
resistance may be fully compensated for. 

The engine mounting of the Orefico Tourister is very well 
built. The bearers are curved downwards at the rear ends 
to avoid the magnetos. Three steel bulkheads of small gauge 
but of heavy flanging, together with inclined tubes, fastening 
from the rear bulkhead to the front bulkhead, provide a 
mounting which should take care of weaving and other en- 
gine strains. 

The gasoline system is simple and good. The tank is placed 
under the front seat. The wind driven gasoline pump supplies 
a gravity tank. The wind driven pump is neatly fastened to 
the rear chassis strut and makes less of an excrescence than 
builders generally fear. The glass side feed provides ample 
security for the pilot regarding his gasoline system. 

The West Virginia Aircraft Corp. exhibited in this class 
of machines a three-seater built around the 150 hp. Wright- 
Hispano engine. The two passengers are seated abreast in 
a front cockpit, while the pilot is accommodated aft. The 
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machine is a good solid construction, but is so standardized 
in type as to call for no special comment. 

The span is 44 ft. 53% in. on the upper plane and 34 ft. 
93% in. on the lower plane. The overall length is 27 ft. % 
in. and the height 9 ft. 9 in. The wing curve used is termed 
the West Virginia No. 1 and the aerofoils are set at a uni- 
form angle of incidence of 2 deg. 2 min. and at a dihedral 
of 1 deg. 

The machine weighs empty 1,700 Ib. and fully loaded 2,400 
Ib. The estimated performance is as follows: maximum hori- 
zontal speed 90 m.p.h., minimum flight speed 40 m.p.h. and 
climb 4,000 ft. in 10 min. The wing loading is 5.53 Ib. per 
sq. ft. and the power loading 16 lb. per sq. ft. 

The Curtiss Oriole seems to be a most logical three seater 
ship. “The pilot has a reasonable position far back where 
he has uninterrupted vision and a good sense of control. The 
passengers in front are provided with an efficient wind shield. 
The streamline of the veneer fuselage is very good, and its 
construction is thoroughly sound. The engine is fairly well 
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of streamline form in such parts as project above the fuselage, 
and is all the better for extra cooling, besides being readily 
accessible. Powered with 150 hp., the machine has ample per- 
formance and a fairly low landing speed. It may be con- 
sidered as a well finished and well balanced design. 

The Bristol Tourer, which was separately exhibited at the 
Hotel Imperial, though a high powered machine, is equipped 
to carry only a pilot and a passenger. It has however a 
large fuel supply, and when used as a mail ship can carry 
some 300 Ib. in addition to the full complement of fuel and 
oil. Equipped with a 230 hp. Siddeley Puma engine, it can 
obtain a maximum speed of 120 m.p.h. 

The Bristol Tourer is a modification of the familiar Bristol 
Fighter, and is therefore of well-known and familiar construe- 
tion. It is a sturdy, well balanced and maneuverable machine, 
which should have a decided sphere of action for fast mail 
and freight carrying, with a lesser appeal for pleasure pas- 
senger work. 

The appearance of the machine is very much better than 
that of the Bristol Fighter, owing to the disappearance of 
the gun turret, the lowering of the rear cockpit, and the re- 
sulting improvement in the lines of the machine 

The main characteristics of the machine are: weight, empty, 
1,750 lb.; weight, loaded, 2,800 lb.; wing span, 39 ft. 3 in.; 
wing area, 405 sq. ft.; wing loading, 6.92 lb. per sq. ft.; chord 
of wing, 5 ft. 6 in.; overall length, 25 ft. 9 in.; tankage-gaso- 
line, 84 U. S. gal.; ceiling, 20,000 ft. 


Seaplane Exhibits 


A very interesting machine is the Aeromarine Model 50. 
This is a beautifully finished construction, and an ideal tour- 
ing machine. Some sketches are shown of the sturdy engine 
mounting, the solid tail bracing, and the interesting seating 
arrangement. 
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This machine is illustrative of a good many tendencies of 
modern commercial design, and has very clean lines, at the 
same time it does not depart from standard practice. 

A step is provided for access into the hull, which arrange- 
ment should appeal to the public as it facilitates access and 
egress. The seats for the pilot and the two passengers are 
most comfortablly upholstered. The two watertight doors on 
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Fig. 8. Strout Firrine or Curtiss SEAGULL 


either side do not interfere in any way with the structural 
strength of the hull. A number of small drawers and com- 
partments are provided in front of the pilot and at the sides 
of the machine. The controls are so arranged as to leave 
the cockpit entirely free of wires; thus the rudder bar is dupli- 
cated by another bar to which it is connected by wires carried 
beneath the floor. A wheel-control is provided, but with this 
important modification that the movement of the wheel is 
transmitted through bevel gearing, a gear shaft inside the 
main control column and a universal joint to a horizontal 
shaft with a universal joint at its other end. Elevator and 
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aileron control is thereby achieved without a single wire clut- 
tering up the cockpit. 

While the passengers and pilot are totally inclosed, the 
vision is quite good through transparent pyralin, and the pilot 
has a number of movable windows in front of him. A no- 
ticeable feature of the pusher design is the distance avail- 
able between the front radiator and the engine. The radi- 
ator might be almost considered a free-air radiator. 

The Curtiss Seagull is another machine of the three seater 
flying boat type, approximately of the same size as the Aero- 
marine Model 50. Equipped with the Curtiss-6 150 hp. en- 
gine, it makes a maximum speed of 76 m.p.h. and a minimum 
of 48.5 m.p.h. This seaplane is in many respects similar to the 
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Curtiss MF boats used so extensively during the war for the 
training of Navy Aviators, and the main modification of the 
MF are in the arrangement of the hull, in which a pilot or 
two passengers are carried. 3 

The hull is provided with a much larger wind-shield than 
is customary in training planés, and lots of leg-room is pro- 
vided for all the oceupants. A curious feature is found in 
the front control stick. The rear control being further batk 
on the side, the front stick is bent under the seat so that it 
works on the same shaft as the rear control stick. This is a 
very clever piece of design, to get around what is always a 
difficult problem. It is interesting to note on this machine 
the use of aluminum wing floats, which come right up to the 
wing, and require only one strut for lateral bracing. 

In the wing truss of the Seagull it is noticeable that two 
large skid-fins are provided although there is a dihedral in 
the machine. The lift truss is so arranged that the wing 
hinges are carried out at some distance from the hull, by 
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the introduction of a pair of extra struts on either side. The 
biplane is orthogonal, which is a great advantage in the mount- 
ing of a flying boat engine. 


Cabin Planes 


A very interesting modification of the Curtiss Eagle was 
exhibited at the show. Instead of the three K-6 motors pre- 
viously installed in this plane, the Eagle now carries two Cur- 
tiss 12 cylinder 400 hp. engines, mounted on the wings. 


The Eagle is a sturdy, well-designed plane of generally 
neat appearance, with adequate vision for the pilot. The 
camel-like fuselage, on first exhibit, was regarded with some 
doubt as to its aerodynamic properties, but a high speed test 
clearly indicates that very little detrimental effect is produced 
thereby. 


A number of features in the construction of this ship are 
worthy of note. The radiator mounting is very neat, while 
it is generally admitted that the free air radiator is the 
largest in weight and aerodynamically most efficient. De- 
signers have always found a difficulty in finding a suitable 
place for the installation of such a free air radiator. In 
the present design the radiator is mounted in front of the 
strut adjoining the motor on a very solid mounting attached 
to the strut. The radiator tank fits very neatly into the front 
edge of the upper wing. The well designed wing truss has 
no outstanding peculiarities, with the exception of the anti- 
buckling device on the struts, shown in the sketch. No doubt 
the Curtiss engineers have made careful calculation in this 
regard, and have found advantage in lightening up the struts, 
even when the extra head-resistance of the anti-buckling de- 
vice is taken into account. 


Much comment has been made on the large overhang of 
the engine mounting, which is well streamlined. ‘This, of 
course, involves a slightly heavier construction, but is obvi- 
ously necessitated by the balance. When three engines were 


employed, a central tractor engine had previously provided 
the necessary balancing moment. 
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The fitting of the pyralin windows in the veneer fuselage 
is very neat, as shown in the sketch. 

Another structural feature which is of interest is a claw- 
skid, with a sharp hook, which is a decided advantage in se- 
curing a short distance run. The kid design seemed to have 
no ill effects on ordinary fields. 

The cooling flanges on the exhaust are decidedly novel fea- 
tures, and should work very effectually. 

The position of the wheels in tandem on either side is a 
security against nosing-over of the machine, and also pro- 
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vides for a very solid construction. The hinging of the cross- 
struts on the chassis may also be a useful feature in rough 
landings. 

Another cabin plane exhibited at the Show was the Day- 
ton-Wright model O.W., a biplane of 46 ft. span and 28 ft. 
9 in. overall length, which is fitted with a 180 hp. ‘Wright- 
Hispano engine. Accommodations are provided for a pilot 
and two passengers and sufficient fuel is carried for a flight 
of 5% hr. 

A noteworthy feature of the O.W. is its humped body, 
made necessary to join the roof of the cabin with the upper 
plane. As a consequence the cabin is very spacious and the 
occupants are afforded a satisfactory view of the ground be- 
low, but at the same time the pilot sits some distance from 
the front window, which is not entirely beyond criticism. It 
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is interesting to note that this machine has a very light wing 
loading, only 4.6 Ib. per sq. ft., and a net weight of 1,450 
lb., which are good figures for a plane of this size. 

From the constructional viewpoint it is rather surprising 
to see hard wire and untapered struts employed on this plane. 


The other Dayton-Wright machine, the K.T. cabin cruiser, 
is a much more powerful ship, using the Liberty Twelve. 
This machine has not strictly speaking a cabin, if a perman- 
ent structure is understood under this term, for the occupants 
are sheltered against the weather by a hinged cover com- 
prising celluloid windows. The vision is good and as to com- 
fort the accommodations are excellently’ devised. 


The K.T. has a high horizontal speed of 120 m.p.h. and a 
low speed of 55 m.p.h. The net weight is 2,686 lb. and the 
gross weight 4,128 lb. The radius of action, at a cruising 
speed of 100 m.p.h., is 6 hr. 
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Mail and Freight Planes 


Among the mail planes exhibited, the Thomas Morse is an 
extremely interesting type, and shows considerable original- 
ity in eonception and design. 

In mail carrying the great points to be observed are: A 
moderate amount of speed, a short landing run, a good useful 
load for a moderate amount of horse power, and above all, 
reliabilitiy of the power plant to avoid foreed landing in 
diffieult or cross-country flight. 

With the latter purpose in view, designers and builders 
have gone to the twin engine power plant. With a twin en- 
gine machine, fairly lightly loaded, it is possible to maintain 
flight on one motor, or at least to have a very low gliding 
angle, so that the pilot, in case of break-down of one motor, 
can continue his trip or have ample time to find a landing 
field. The difficulty is that if one motor goes out of com- 
mission a tendency to spin is unavoidable, also for a twin 
engine machine, flying on one motor, there is inevitably a 
fair amount of banking, and consequent loss of power in- 
volved. The idea of placing the engine in tandem in a cen- 
tral nacelle is, therefore, decidedly a step forward for this 
type of plane. 

The constructors have also achieved what would at first 
seem almost unbelievable for a large plane carrying 1,500 
lb. of mail and 140 gal. of fuel—they have kept the gross 
weight down to 5,564 Ib., the loading per horse power to 8.2 
lb., and the loading per square foot of lifting surface to 8.65 
lb., while the overall span is only 45 ft. 6 in. 

The machine, lightly loaded, has actually made close to 
about 134 miles per hour over a measured course. 

Many interesting points arise in the design of this ma- 
chine. The employment of two fuselages always involves the 
difficulty in maintaining alignment of stabilizers, and when 
rolling over uneven ground one fuselage receives possibly a 
greater load than the other. The splitting of the rear sur- 
face in the Thomas Morse seems to work out remarkably 
well, and it possible that this practice will be followed in 
twin fuselage construction. 

Besides the general conception and design, several points 
are worthy of interest in the detailed structural design of the 
plane. The chassis is extremely interesting, the axle being 
hinged at two points and supported by two streamline wires 
from the center nacelle. The axle is carried through and at 
either end receives hinged struts with shock absorbers at their 
upper ends. This is a very neat arrangement for a twin 
engine machine with a small span, in which it is necessary 
to avoid too wide a tread, and, at the same time, to pro- 
vide adequate support for each of the fuselages. The brac- 
ing of the fuselages to the engine nacelle, although involving 
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a small number of wires and struts seems adequate. The wing 
fittings are entirely enclosed. The elevator masts work through 
a slot in the fin, and the elevator is built up in one piece, with 
a front spar going from the fin. This not only avoids trou- 
ble, but also cleans up the tail surfaces generally. 

The biggest machine at the show was the L.W.F. Owl and 
it is curious to note that this firm exhibited both the smallest 
and the largest machine at the show, the other extreme being 
the Butterfly. The Owl weighs empty 12,600 lb. and fully 
loaded about 20,500 Ib. 

A machine of this character should enable a large mail, 
passenger or freight load to be carried for a large range, 
and as such, the machine may be a forerunner for real trans- 
portation. The construction of this plane is remarkable for 
its solidity and finish, A number of the structural features 
are illustrated herewith, and shows ingenious and careful de- 
sign, although the bulk of the machine is on standard line. 


Aero Show at San Francisco 


The Aeronautical Show of San Francisco is the third of 
three national shows given under the auspices of the Manu- 
facturers’ Aireraft Association. The show will be given in 
the finest show building’in America, the Exposition Audi- 
torium, located five minutes’ walk from the business center 
of San Francisco. 

The following manufacturers of airplanes have subscribed 
for space, to date: 


Copan Benenees & Meter Come... cs cicccccsventswwbe sn 8000 ft. 
ne ee ee IES og no cso .9 ou cab eened Weed ene 4000 * 
Dayton-Wright Div. of General Motors..............+2.-. 3000 ‘ 
2 BN rrr rear res ee Be Sees 1000 “ 
Co EE ee es rere vere 1000 ‘ 
Be a ee Are oer srr 720 “ 
Se I MEN, 9 6 5s an a boo wing wind aikh rd ee eae ee 600 “ 
Ee ee rr ee Pere te ees - 720 ‘ 


It is anticipated that the main. floor exhibition space will 
be oversubseribed. The Pacifie Coast offers a splendid field 
for aeronautical accessory lines, and an exhibit at the Show 
should be productive of considerable business. 


Colonel Miller Changes Station 


The train that earried Col. Archie Miller from Mineola on 
his way to assume command of Kelly Field, Texas, was escorted 
by half a dozen airplanes as mark of honor. The pilots flew 
over and around the train almost the entire distance to New 
York City. 

Colonel Miller, who has been in command of Mitchel Field 
since August, 1918, will be succeeded in this post by Lieut.-Col. 
W. L. Booth, Jr., A. S. A. 
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ITH the opening of the winter 

season, we are now ready to 
give passenger flights in Flying 
Boats and Aeroplanes at Miami and 
other Florida resorts, and flying in- 
struction at Miami. 


Bookings for instruction or flights 
may be made at the Curtiss Flying 
Field, Miami, Fla., where we main- 
tain a well-equipped Training School 
and Service Station. 


CURTISS AEROPLANE anp MOTOR CORPORATION 


SALES OFFICES 
Room 1456 52 Vanderbilt Avenue New York 


Factories—Garden Oity, L. I., Buffalo, N. Y., and Marblehead, Mass. 

Flying Fields, i Schools, and Service Stations—Garden City, 

Atlantic City, N. J., Newport News, Va., Miami, Fla., Buffalo ane 

Marblehead. Dealers and distributors in all parts of the United States. 

Special Representatives in —_ America, the Philippines and the 
ar East. 


Member Manufacturers’ 
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A Gigantic Sale 
Surplus War Material 


Which Has Passed Government Inspection 


The Shipbuilding program of the United States Government was so enor- 
mous in scope and stupendous in accomplishment that the ending of the war 
found us with surplus material of practically every description in stock, 
routed to be used, but for which there was no further Governmental use. 


This Is Now For Sale and Must Be Disposed of 


From individual houses to entire villages and housing operations, from ship buckets to 
complete ship equipment—the range of offerings runs. 


There will also be found—Structural steel, fabricated in complete units for combination 
passenger and cargo 8000 tons D. W. capacity steel ship hulls, and several thousand tons 
structural steel both fabricated and unfabricated for other than steel hulls; Engines and 
Engine Auxiliaries, Boilers and Accessories, Condensers, Tanks and Evaporators, with their 
fittings, Ships and Deck Equipment, Electrical Appliances from Generating Outfits and 
Transformers to Wires, Cables and Batteries. Carpenters’, Engineers’, Machinists’ and Fire- 
men’s tools. Blocks, Cranes, Derricks and Booms in enormous quantities and sizes, Re- 
frigerating Outfits and Machinery, Life Boats and Rafts. Lathes, Boring Mills, Planers 
and Riveters. Bending and straightening Machinery, Foundry and Machine Tool Equip- 
ment, Air Compressors and Pneumatic Tools, Railroad Equipment and Pumps (horizontal, 
centrifugal, vertical), Pipes, Valves and Fittings, Nuts and Bolts, Seamless Tubing of Cop- 
per and Steel and a variety of other equipment and material too numerous to mention. 


Everything has been inventoried, showing the articles, their number with a detailed descrip- 
tion, as well as appraised value. All material has passed Government inspection and is now 
in warehouses at concentration yards. 


Bulk offers for entire lots of material and equipment 
at any of the concentration points will receive first 
consideration and be subject to quantity discounts. 


Inspection is ‘invited and can be arranged for by addressing: 
Sales Section, Supply and Sales Division, United States Shipping Board, Emergency Fleet Cor- 
poration, 6th and B Sts., Washington, D. C., or any of the following district sales and sub- 
sales offices: 


139 Center St., New York City 922 Edison Bldg., Chicago 
Hibernia Bank Bldg., New Orleans, La. 140 N. Broad St., Philadelphia 
Northwestern Bank Bldg., Portland, Oregon Custom House, Boston, Mass. 


369 Pine St., San Francisco, Calif. Securities Bldg., Seattle, Washington 


United States Shipping Board Emergency Fleet Corporation 


Supply and Sales Division 


Sixth and B Streets, Washington, D. C. 
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OMMENTING on the great success of 
the International Aircratt Exhibition at 
the. Grand Palais, Paris, France, the 

New York Tribune’s foreign press bureau 
report in the issue of January 23d, 1919, says: 





“One of the very interesting French machines 
is the Nieuport (300 horse-power Hispano- 
Suiza Motor) on which Sadi Lecointe re- 
cently attained a speed of 307 kilometers an 


‘hour * * * *’? 


The Wright-Hispano Aeronautical Engine, built 
by this Organization for the French and United 
States Governments, is the American development 
of this now-famous engine and will be interestingly 
exhibited at the forthcoming Aeronautical Exposi- 
tion, March 6th-13th, 1920, at the 71st Regiment 
Armory, New York City. 
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Engines are available for 
early delivery 






oso 





“The Motor that made 
the Spad possible” 








Member Manufacturers’ 
Aireraft Association 


cat ime 








Wrigh'-Hispano Aeronautical 
ngine, 300 H. P. 
——— —— 






WRIGH (T=HISPAN 


ONAUTICAL ENGINE 
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AIRPLANE ENGINES 


HAVE BEEN FLYING FOR TEN YEARS 


They are the product of skilled 
engineering and manufacturing 
experience running through 

three generations. 


Latest types are now available 





Sturtevant Model 5A—4% Our new Catalog, No. 259, will interest you 


B. F. STURTEVANT COMPANY 
HYDE PARK, BOSTON, MASSACHUSETTS 







Members Manufacturers Aircraft Association 
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THOMAS~MORSE AIRCRAFT CORPORATION 











"Thomas- Morse. Training 2-Seater 
in flight over Tthaca, N. Y. 

















THOMAS~MORSE AIRCRAFT CORPORATION 
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The “ACE” 1920 Model K.1. 
Price $3,000, f.o.b. Factory 


First American aeroplane designed for commercial, mili- 
tary, naval, and private use and one of the best looking 
planes ever made. 


Built by an organization skilled in aircraft production. 


SPECIFICATIONS 
Wing spread 25 ft., depth 19 ft. 6 in., wing section RAF 15¢ wing 
loading 4% Ibs. per sq. ft., chord 4 ft., gap 4 ft. 6 in. 
Total weight 832 Ibs, Motor 40 h.p. 4 cylinder vertical. 
High speed 80 m.p.h., low speed 32 m.p.h. 
Useful load 235 lbs. Power load 20.8 Ibs. h.p. 
The wings fold and lock requiring only 10 ft. x 20 ft. for 


housing, thus reducing aerodrome cost. Motor parts are stand- 
ardized and interchangeable. 








Showing “Ace” biplane making a perfect landing on Clay St., 

Oakland, Calif., Jan. 22,1920. Piloted by Lt. C. V. Pickup, Chief 

Pilot, Durant Aircraft Corporation, thus demonstrating that it is 
the only plane built that will land in so restricted an area, 


Orders are being accepted for April delivery 
THE COUNTRY ROAD YOUR AERODROME 


HORACE KEANE 
“eee (fk) Vares 


Inc. 


280 MADISON AVENUE, NEW YORK 
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ATLAS WHEELS 


Are daily gaining in favor 
with manufacturers and 
pilots of aircraft because: 


They Absorb Shocks 
They Are Stronger 
They Are More Reliable 











Standard Sizes Carried in Stock 








Inquiries and orders will 
receive prompt attention 


_ 








THE ATLAS WHEEL COMPANY 
Rockefeller Building 
CLEVELAND - 


OHIO 
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AIRPLANE TACHOMETER 


‘“* Best by Test”’ 


was designed especially for the United. 
States Navy Department for use in the war. 
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* We supplied the Navy Department with 

z large quantities of these instruments and 

m their splendid record of service under all 
conditions as demonstrated by the famous 
Trans-Atlantic flight of the N C 1—N C 3— 

= NC 4 where the JONES AIRPLANE TACH- 

= OMETERS were standard equipment, has 

* been highly commended by the Navy De- 

. partment officials. 
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The mechanism is of the centrifugal 
type; the dial is black with radium 
graduations and pointer, and is cali- 
brated in various speed ranges up to 
5000 R. P. M. 


JONES AIRPLANE TACHOMETER 


is the lightest instrument of any type 
yet produced, and is geared to be 
driven at cam shaft or engine speed 
without extra attachment. 


JONES HAND TACHOMETER 


Carry one and you can note 
R. P. M. quickly, easily and 
accurately, wherever you hap- 
pen to be. Invaluable about 
power plants, generating sta- 
tions, turbines, engines, shaft- 
ings. . A neat little instrument 
of precision, with uniformly 
spaced dial, in handsome mo- 
rocco carrying case. 





Send today for a report of test by the United States Bureau 


of Standards and our new booklet on tachometers. 


JONES MOTROLA, Inc. 
New York 
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THE HOME toneaxy NEW YORK 


ELBRIDGE G, SNOW, President 
Home Office: 56 Cedar St., New York 


AIRCRAFT INSURANCE 


Against the Following Risks 


FIRE AND TRANSPORTATION. 

THEFT (Of the machine or any of its parts). 

COLLISION (Damage sustained to the plane itself). 
PROPERTY DAMAGE (Damage to the property of others). 


SPECIAL HAZARDS 


Windstorm, Cyclone, Tornado—Passenger Carrying Permit—Stranding and Sinking Clause—Demonstration Permit— 
Instruction Permit 


AGENTS IN CITIES, TOWNS AND VILLAGES THROUGHOUT THE UNITED STATES AND ITS POSSESSIONS, 
AND IN CANADA, MEXICO, CUBA, PORTO RICO AND CENTRAL AMERICA 


> 9.98 


Aircraft, Automobile, Fire and Lightning, Explosion, Hail, Marine (Inland and Ocean), Parcel Post, Profits and Commis- 
sions, Registered Mail, Rents, Rental Values, Riot and Civil Commotion, Sprinkler Leakage, Tourists’ Bag- 
gage, Use and Occupancy, Windstorm 


STRENGTH REPUTATION SERVICE 











Eleven years of aviation motor experience at your command. 


Build up your aeroplane business by using guaranteed motors. 
A size for every purpose—30, 60, 100, 200 H.P. 


HARRIMAN MOTOR COMPANY 


BUILDERS OF HIGH GRADE 
AVIATION MOTORS SINCE 1909 So. Glastonbury, Conn. 





















Revolutionizing 
Travel 


Boeing Seaplanes and Sea 
Sleds (Hickman Patents) 
are doing to transportation 
what the train and steamer 
did to older methods a cen- 
tury ago. Boeing Seaplanes 
answer every modern com- 
mercial and sport require- 
ment and represent the last 
word in speed, comfort and 
safety. A type made for 
every purpose. Boeing Sea 
Sleds (sole Pacific Coast 
licenses for Sea Sled Com- 
pany, Boston, Mass.) are 
the automobiles of the sea. 
Built on a new principle that 
permits them to skim over 
the surface of rough or 
smooth water from 25 to 45 
miles per hour, carrying 
capacity loads. Wind, wave 
or weather makes no differ- 
ence to them. Ideal for 
tenders, passenger use or 
sport. Built in any size. 
Interesting literature yours 
for the asking. 


BOEING 


Airplane Company 
SEATTLE, WASHINGTON 
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“The Spark Plag 
That Cleans Itself i 





“The, Plug with the Infinite Spark’’ 


BREWSTER-GOLDSMITH CORPORATION 


__ 33 GOLD STREET, NEW YORK.CITY _ 
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An Announcement 
WITTEMANN-LEWIS AIRCRAFT CO. Inc. 


OF NEWARK, NEW JERSEY 





Designers, Developers and Builders of Fine . 
and Special Aircraft since 1906 


For Military, Naval, Sporting and Commercial Use 


HAVE REMOVED TO THEIR NEW PLANT 
’ AT 
TETERBORO, NEW JERSEY 


Erie Railroad, “N. J. & N. Y.” Branch to Hasbrouck Heights Station "Phone Hasbrouck Heights 96 


An 800 acre airdrome to be known as 
NEW YORK AIR TERMINAL 
will provide every needed facility for many thousand land and water aircraft. 


“ Six Miles From the Heart of New York” 














Jouns- 
ANVILLE 
SERVICE 


Are you building 
a hangar? 


ORO MARNSLE Corrugated 
Asbestos Roofing, used for the 





















Longer Life 


and better performance are 
proved attributes of “Bristols” 


Now ready for delivery 
Single seater Monoplane 


“Babe” Biplane 


2 “ Coupe 

2-3 * Tourer 

2-3 “ Hydro “: 
16 “ — Triplane 


Specifications ‘and prices on request 





iw f b&b LIA OM G. 
hana 





Representing 


THE BRITISH & COLONIAL AEROPLANE CO., Ltd. 


\512 Fifth Avenue 


~_ New#York’ City 














roofs and side walls of hangars, 
ives weather-proof protection of 


splendid durability because it is im- 
_ mune to the corrosive action of sea- 
, air, smoke or acid fumes —and it 
never needs painting for its asbestos 
surface is amply able to resist any 
climate. 


Write for information about Johns- 
Manville Corrugated Asbestos Roof- 
ing— you will probably find it 
peculiarly suited to your needs, 


H. W. JOHNS-MANVILLE CO., New York City 
10 Factories—Branches in 63 Large Cities 
For Canada: Canadian Johns- Manville Co., Ltd., Toronto 
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Aluminum Company of America 
General Sales Office, 2400 Oliver Building 
PITTSBURGH, PA. 
THIS MARK GUARANTEES 





Not workmanship alone but unequaled safety and per- 
formance as well. Since Oct. 1, 1918, the Paragon 
Trade Mark has been affixed to only actual Paragon 
designs, made or approved by Spencer Heath. Our 
mammoth new _plant and equipment costing over 
$300,000 built by Paragon enterprise and on Paragon 
merit tells the rest of the story. 


THE ATLANTIC FLIGHT 


was made possible on schedule time by 


PARAGON PROPELLERS 
when other propellers failed 


PARAGON Propellers 


and 


Paragon SERVICE 


saved the day 


The new Booklet, Technical and Historical, free for the 
asking. 


AMERICAN PROPELLER & MFG. CO. 
1281-89 COVINGTON STREET 
BALTIMORE, MD., U. S. A. 


Producers of Aluminum 








Manufacturers of 


Electrical Conductors 


for Industrial, Railway and Commer- 
cial Power Distribution 

also 
Ingot, Sheet, Tubing, Rod, Rivets, 
Moulding, Extruded Shapes 


also | 
Litot Aluminum Solders and Flux 


CANADA 
Northern Aluminum Co., Ltd, Toronto 


ENGLAND 
Northern Aluminium Co., Ltd., London 


LATIN AMERICA 
Aluminum Co. of South America, Pittsburgh, Pa. 











Edstrom Machinery Company 
WAR DEPARTMENT 
BUREAU OF AIRCRAFT PRODUCTION 
AIRPLANE ENGINEERING DEPARTMENT 
McCook Field, Dayton, Ohio, U. S. A. 
REPORT ‘Serial No. 646 


on test of cable terminal connections made on the Hdstrom 
Wire Wrapping Machine. 


ede 
———$eene<) 


Finished Products of the Edstrom Machines 


“, . . It is to be noted that out of ten unsoldered speci- 
mens sizes %” to 5/82”, only one failed at a load below the 
rated capacity of the cable. The 3/16” . wee served 
with copper wire failed at loads averaging 71% of the full 
strength of the cable.” 


NOTH: The nine cables standing 100% were wrapped with 
the special strength wrapping wire we use on all our work. 


“, . ,. The Edstrom Wire Wrappi Machine .. =. 
should be given a trial where such a machine is desired.” 
We can give you stronger, neater and better work at a 
great saving of cost to you. 


Let us give you our price. 
FACTORY: 
Hunters Point 1835 
REVIEW AVE. Bet. Fox and Marsh Sts., LONG ISLAND CITY 
NEW YORK 








“RYLARD” 


THs SPECIAL VARNISH was adopted by 

the British Air Ministry in 1916 as being 
the premier Varnish for Aircraft work. . The 
whole of the output of “Rytarp” produced 
from our specially increased: plant was taken by 
the Air Ministry and delivered to the various 
Aircraft manufacturers all over the British Isles, 
for use over doped fabric, and has given every 
satisfaction. 


The most suitable Varnish 
for 
AEROPLANE PROPELLERS 
STRUTS AND SKIDS 
SEAPLANE FLOATS 
DOPED FABRICS 


It Dries Quickly, will not Bloom, Crack, or Blister, is 
Impervious to Oil, Petrol, Sea Water, etc., and is 
unaffected by Sun or Rain. 


AMERICAN BRANCH: 


Llewellyn Ryland Co. of America 


624 S. MICHIGAN AVENUE, CHICAGO, U.S.A. 
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The Doehler Engineering and Manufacturing Or- 
‘ ganization is exceptionally able to produce a 
superior product in any quantity. 


Put your problem up to Doehler’s 
Staff of Experts 





THE WORLDS LARGEST MANUFACTURERS OF DIE CASTINGS 


rt MJ CLNTRAL PLANT ‘WESTERN PLANT 
OKLYN, N.Y. TOLEDO, OHIO. CHICAGO, ILL. 
SALES OFFICES IN ALL PRINCIPAL CITIES 














DDO-6A 
ee as —- ee 
eo 8 a e ° . . 
Ring a ¥ a Diamond Fibre is especially suitable for aero- 
re ™ ee ~ aS Bs nautical use because it combines great strength 
Se % with light weight (lighter than aluminum). 
PRECISION . ee Me Diamond Fibre is dense, tough, hard—unusu- 
B A ING $s \ ( ally high in dielectric, compression, shearing 





/ MAGNETOS \\ and tensile strength—does not splinter, split, 
a | LICHTING crack, break, or crystallize under severe vibra- 
tion—improves with age. 


. J RADIO ELECTRIC 
APPARATUS | 


worked into almost any conceivable form. It 
is furnished in sheets, rods, tubes and special 
parts machined to your specifications. 
Samples, prices and complete information on 
request. 

Dept. R. 


Diamond State Fibre Company 


Bridgeport, Pa. (Near Philadelphia, U. S. A.) 


¥ 


GENERATORS \ 
and i Diamond Fibre can be machined, bent, or 
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An Unusual Opportunity Grand Rapids Vapor Kilns 


a are used by these aircraft concerns with absolute 
To Complete Your Files of satisfaction. 





Standard Aircraft Corporation 


AVIATION and AERONAUTICAL eta ee 


Thomas-Morse Aircraft Corp. 


ENGINEERING Submit your drying problem to experts who make a 


specialty of kiln design and are prepared to furnish and 
install all equipment and instruments. 
We have a limited number of bound volumes cover- 


ing the period from August 1, 1916, to January 15, 1919, GRAND RAPIDS VENEER WORKS 


containing in every issue aeronautical engineering infor- : Mite : 
mation of fundamental value. These volumes comprise Grand Rapids, Michigan Seattle, Washington 


a complete record of the science of aviation during the 













period of the great development of aerial warfare. 








Vol. I - ; R ‘ . ? $25.00 “ 
We Flottorp Manufacturing Co. 
Sg AN eae AIRCRAFT PROPELLERS 

Vol. V ' , ° :‘ if 3 5.00 Established 1912 


Also the following sets not bound: 


. >) ae ° a ss 3.00 
Vol. IV. ‘ ‘ be ‘ 3.00 








Vol. V ‘ 4 ‘ 7 > P 3.00 
Vol. VII . > ; . . 3.00 
213 Lyon St., Grand Rapids, Michigan 
THE GARDNER-MOFFAT COMPANY, Inc. : 
22 East 17th Street New York City Contractore to United States Government 
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Half of the 
American airmen 
have proved the 


Berling’s worth. 


Berling rlepalca me, 


__WORTH MOREQ) DOES MORE 
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LOUIS DUSENBURY & CO., Inc. 


Established 1849 


MANUFACTURERS AND IMPORTERS 
INTERIOR TRIMMINGS OF QUALITY 
FOR PASSENGER PLANES AND 


DIRIGIBLES 
CARPETS 
UPHOLSTERIES 
CURTAIN FABRICS 
229.233 FOURTH AVENUE NEW YORK 






















NEW CURTISS “F” BOATS 


With new Curtiss OXX-6 Motors 
THESE WONDERFUL BOATS AT A 

REMARKABLY LOW PRICE 
Economical Reliable 

For particulars write or wire 
P. E. EASTER 
318 Woodlawn Road Roland Park 
Baltimore, Md. 





The pioneer manufac- 
ture of airplane parts 
made from bar stock. 
Any and everything 
pertaining to the man- 
ufacture of airplanes. 





Any Quantity 


—— 


A. J. MEYER MANUFACTURING CO. 
819 John Street West Hoboken, N. J. 











For Your Flying 
<—Boats Use 
























Upward of 5,000 gallons 
of Jeffery’s Patent 
Waterproof Liquid Glue 
has been used by the 
U.S. Navy and War De- 
partments and as much 
more by the various 
manufacturers of sea- 
planes having govern- 
ment contracts. 





L. W. Ferdinand & Co. 
152 Kneeland Street 
Boston, Mass., U.S. A. 





























LEARN TO FLY 


in old established school, under an instructor who has 
given instruction to more 


AMERICAN ACES 


than any other instructor. 


Army Training Planes Used. 
We Build Our Machines. 


PRINCETON FLYING CLUB, Princeton, N. J. 
WEST VIRGINIA AIRCRAFT CO., Wheeling, W. Va. 
DAYTONA FLYING CLUB (Winter), Daytona, Fla. 

















FREDERICK W. BARKER 


REGISTERED PATENT ATTORNEY 
2 RECTOR STREET ' NEW YORK 


Telephone 4174 Rector Over 30 Years in Practice 









PRESIDENT 


AERONAUTICAL SOCIETY OF AMERICA 
FROM 1915 TO 1919 


SPECIALTY: Patent Claims That Protec 















Address All Communications To 
WALTER HEMPEL, Manager 











AERONAUTICAL SHOW OF SAN FRANCISCO 
EXPOSITION AUDITORIUM April 21-22-23-24-25-26-27-28, 1920 SAN FRANCISCO 
With the sanction, approval and patronage of the 


MANUFACTURERS AIRCRAFT ASSOCIATION, Inc. 


SHOW HEADQUARTERS 
Hotel St. Francis, San Francisco 








March 15, 1920 
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GRINDER STAMP INGS DIES 


E realize is eif or et see there should be se 

feulty material All machine parte must be 

made right and periorm their functions properiy, 
hence we have equipped our new plant to turn out work 
ef the highest quality. We offer our iacilities to yeu 
and trust we may be of service 


Will you give ui 6 triel? 


LANSING STAMPING & TOOL Co. 


LANSING, MICHIGAN 














Hamilton Propellers 
of Quality 
are used by the discriminate flyers 


—They will tell you why. Standard 
price list upon application 


HAMILTON AERO MFG. CO. 


MILWAUKEE, WIS. 


Successors to Aircraft Department 
Matthews Brothers Mfg. Co. 








NEW ano USED AIRPLANES ano MOTORS 


Ships of{the “better kind” 


CURTISS JN4H with 150 HP. Mod. A Hispano-Suiza motor. 


These ships may be had as 2 seaters with dual or single 
pont ty or as 3 seaters with single control. 


STANDARD Scout (New), with 100 HP. Gnome motors. 
Special “stunt ships” dual or single control as ordered. 


NIEUPORT 3 seater, single control, NEW, 220 HP. 
Hispano-Suiza. 


Excellent ships for passenger carrying in high altitudes. 


We have other ships, powered with motors of from 90 to 
400 HP. Write or wire for prices and list “A. N.” 





Cable address: 
USAE Newyork 


Telephone: 
Cortlandt 449 





“US. ALROLACHANGEL wew york Girv 





FOR THE 
Manufacturer—Flyer 


Fire—Collision—Damage to Property of Others 
Legal Liability—Life—Personal Accident 


onservative Rates—Best Companies 
PHONE—WRITE—WIRE 


HARRY M. SIMON 


Insurance Expert 
81 Fulton Street 


New York, N. Y. 


































CARBURETOR 


VERY Liberty Aircraft 

Engine built is equipped 
with Zenith Liberty Carbure- 
tors—the reason is clear to 
Zenith users. 


Zenith Carburetor Co. 


NewYork DETROIT Chicago 
























ROEBLING 


AIRCRAFT WIRE, STRAND AND CORD 


Send for Aircraft Catalog A-355 
JOHN A. ROEBLING’S SONS CO., TRENTON, N. J. 




















SHOCK 
ABSORBER 
CORD 


FOR AEROPLANES 
PROMPT DELIVERIES 


SAMPLES ON REQUEST 


J. W. Woop Etastic WEB Co. 
STOUGHTON, MASS. 








THE 
PIONEER INSTRUMENT COMPANY 


takes great pleasure in announcing that 
MR. MORRIS M. TITTERINGTON 
has joined this company as Chief Engineer. 
For the past five years-Mr. Titterington has been Chief 
Engineer of the Aircraft Instrument Department of the 
Sperry Gyroscope Company. 


PIONEER INSTRUMENT COMPANY 
246 GREENWICH STREET NEW YORK. CITY 
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Part 1. Aerodynamical Theory and Data 


Modern Aerodynamical Laboratories 

Elements of Aerodynamical Theory 

Sustention and Resistance of Wing Surfaces 
Comparison of Standard Wing Sections 

Variations in Profile and Plan Form of Wing Sections 
Study of Pressure Distribution 

Biplane Combinations 

Triplane Combinations—Uses of Negative Tail Surfaces 
Resistance of Various Airplane Parts 

Resistance and Comparative Merits of Airplane Struts 
Resistance and Performance 

Resistance Computations—Preliminary Wing Selections 


Research Department, 
entering military service in the Department of Aeronautics, Massa- 
chusetts Institute of Technology, and Technical Editor of Aviation 
and Aeronautical Engineering. 


Aeronautical, Engineering and Airplane Design 
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Patient Care is behind each 
Propeller inthe finished product 


We have designed and built thousands of 
Airplane Propellers for the very best ma- 
chines. We have every modern facility for 
quickly producing in large numbers abso- 
lutely reliable propellers that will meet the 
most exacting requirements of all types of 
airplanes. 


Our large mills, located in the heart of the 
best WALNUT belt, manufacture 25,000 feet 
of WALNUT lumber daily; and only the 
finest of this ideal propeller wood goes into 
Hartzell Propellers. 

In keeping with the quality of our raw material we 
maintain an adequate force of skilled workmen and a 
strong ENGINEERING DEPARTMENT, the per- 
sonnel of which is expert in the designing of airplane 


propellers. Patient care is behind the manufacture and 
inspection of each Propeller that leaves our factory. 


May we figure with you? 


Hartzell Walnut Propeller Co. 


Piqua, Ohio, U. S. A. 


After standing in an 

equalizing room for 10 days, 
the rou ed propellers are 
egghed oO tite in tthe bench 


department - 
~~. 
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Copyright 1920, by The Goodyear Tire & Rubver Co. 


Pony Blimp 





Goodyear’s 


OODYEAR’S Pony Blimp is de- 

signed to the need for small, efficient, 
inexpensive airships for commercial, sport 
and government use. Already, it has 
demonstrated air- 


ship at full motor speed, 6,000 feet up, 
over a 400-mile range. Or by drifting 
with favoring winds, motor idle, gasoline 
may be conserved and total range con- 

siderably increased. 





worthiness, being 


Pony Blimp Specifications: 


Equipment of moor- 


sensitive to pro- 
peller and controls, 
and operating eco- 


ing harness and 
anchor permits of 
ground stops when 


ra ae 2 
Power Plant . 40 h.p. 
Maximum Speed . 40 m.p.h. 
Range at fullspeed 400 mi. 
Ceiling. . . — . 6,000 ft. 


35,000 cu. ft. 
95 fr. 
28 ft. 
40 ft. 
12 ft. 


Volume 
Length PE ae 
Maximum Diameter 
Height: .-. . 
Length of Car . 











nomically. 


For Aero Clubs, the Pony Blimp offers 
the means for training members, so 
that all may become competent dirigible 
pilots. 


In flight, two members can maneuver the 


desired and replen- 
ishment of gas and supplies. 


For governments, for commercial bodies, 
for Aero Clubs, Goodyear builds Pony 
Blimps and other types of balloons of a 
quality that Protects Our Good Name. 


Balloons of Any Size and Every Type 
Everything in Rubber for the Airplane 


1 


— 


GOOD, YEAR 


EZan PS 








N the _ construction of 
United States Balloon Fab- 
rics, due consideration is 
given to every condition of 
service to be encountered. 
Their dependability is thereby 
assured. Their quality is 
backed by the oldest and 
largest rubber manufacturer 
in the world, which supplies 
every rubber product used in 
aeronautics. 








United States Rubber Company 








